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COLLAGEN AND ELASTIN IN CONNECTIVE TISSUE 
D. A. HALL, Ph.D.,° M. K. KEECH, M.D.,t R. REED, Ph.D.,t H. SAXL, M.Sc.,° 
R. E. TUNBRIDGE, M.D.,t M. J. WOOD, B.Sc.t 


(From The University of Leeds, Leeds, England) 


INTRODUCTION 
Pathology 


It has long been realized that during the 
process of aging, the fibrous components of 
skin undergo certain changes. Unna, in his 
classical studies of senile skin, believed that 
there was some chemical alteration in the 
elastic fibers and named the modified struc- 
tures “elacin” to distinguish them from the 
“elastin” of normal tissue. Unna (42) demon- 
strated that much elacin was present in senile 
elastosis while the collagen fibrils were much 
reduced in amount. This worker was fully 
aware that the collagen fibrils in senile elas- 
tosis undergo profound changes and _ those 
fibrils which had the physical appearance of 
collagen but the staining properties of elastica, 
he named collastin. On the other hand, those 
collagen fibrils which showed the staining re- 
actions of elacin were referred to as collacin. 

Over the past fifty years pathologists have 
confirmed these findings wherein the amount 
of elastic-staining material in senile elastosis 
increases remarkably, apparently at the ex- 
pense of the collagen fibrils. Considerable 
confusion has arisen from the general appli- 
cation of Unna’s views on senile elastosis to 
other conditions. Similar changes have also 
been observed in many conditions both of 
senile and pathologic skin, particularly where 
edema, degeneration, or atrophy are present, 
although whether these changes bear any re- 
lationship to the phenomena of aging is by 
no means certain. 
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Strobel (39), in a histologic study of skin of 
all age groups, found that the principal 
change was in the collagen fibrils. He is of 
the opinion that the elastic fibers do not show 
any degenerative changes with age, but 
merely physical extension and alignment due 
to overstretching. Hill and Montgomery (26) 
on the other hand found only slight changes 
in either the collagen or the elastic fibers of 
skin over an age group from birth to 78 years. 
Ejiri (14), after a wide and detailed study 
of skin of all ages, concluded that senile 
changes occur mainly in the elastic fibers and 
not in those of collagen. The collagen fibers 
seem to decrease in number, being replaced 
by much elastic-staining material. Dick (13), 
Ma and Cowdry (32), and Tattersall and 
Seville (40) have all confirmed this observa- 
tion. 

The fundamental changes in the fibrous 
components of skin during aging, however, 
are still a matter of conjecture. Some work- 
ers consider that the large amount of elastic 
staining material present in exposed areas of 
skin in senile patients is indeed true elastin 
which has been elaborated in the manner 
whereby elastin is normally produced. At the 
same time, they recognize that the increase 
in elastic-staining material is almost always 
accompanied by a decrease in the number of 
collagen fibrils. Lansing (31), for instance, 
regards the elastic-staining material in senile 
elastosis as genuine elastin on the grounds that 
in morphology and staining properties it 
closely resembles elastin and, moreover, is 
digested by the enzyme elastase. The con- 
fusion that exists is also shown by his intro- 
duction of the phrase “a bizarre type of elas- 
tic tissue” to describe this material (31). 
Other workers, however, consider that the 
elastic-staining material is produced by the 
modification of the collagen fibrils present, 
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(15, 41) so providing a rational explanation 
for the disappearance of such fibrils and for 
the collastin and collacin described by Unna. 
Recent electron microscope studies have 
further emphasized the difficulties (41). In 
Ehlers-Danlos syndrome, for example, the 
elastic-staining material is morphologically 
very similar to aortic elastin. In senile elasto- 
sis, on the other hand, the elastic-staining 
material is composed mainly of collagen fibrils 
in various stages of modification and much 
amorphous material, (fig. 4) while in pseu- 
doxanthoma elasticum, which is also charac- 
terized by variable elastic staining, the fibers 
consist of collagen which seems quite intact 
and is indistinguishable under the electron 
microscope from that of normal dermis. 


Morphogenesis of Elastic Tissue 

From the morphogenetic aspect the indica- 
tions are also vague, since the stages whereby 
elastic fibers are elaborated in the organism 
have not as yet been clearly defined. In the 
first place, there is doubt as to whether or 
not elastoblastic cells, specialized in function 
to produce elastic fibers only, really exist. 
While claims for the existence of such cells 
have been put forward at various times, 
counter claims suggest that elastic fibers are 
derived from the fibroblasts which elabor- 
ate the collagen fibrils (20). Again, there is 
general agreement that elastic fibers and col- 
lagen always develop in association, the 
former structures never being found in sites 
which are devoid of collagen. “Indeed it 
would appear that collagen is a prerequisite 
for its formation” (35). A further significant 
point is that while both these fibrous struc- 
tures are being elaborated during periods of 
rapid synthesis, as in fetal and regenerating 
tissue, the elastic fibers tend to appear some- 
what later than those of collagen. More- 
over, elastogenesis is usually associated with 
the presence of large amounts of metachro- 
matic staining material (35). 


X-ray Diffraction Studies 


On the basis of X-ray diffraction data, Ast- 
bury (3) has classified the fibrous proteins 
into two broad groups, the keratin-myosin- 
epidermin-fibrinogen (k-m-e-f) group and 
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the collagen group. The members of the 
k-m-e-f group, in addition to having common 
structural features which yield very similar 
and characteristic diffraction patterns, all 
manifest long-range elasticity. The members 
of the collagen group, in spite of their diverse 
origins, also show a characteristic diffraction 
pattern, which, however, is quite different 
from that of the k-m-e-f group. The members 
of the collagen group are also distinguished 
in that normally they do not have any long- 
range elastic properties, and Astbury (2) con- 
siders that they are built from polypeptide 
chains in a stereochemically extended con- 
figuration. 

This structural plan is substantiated by the 
fact that following thermal treatment, col- 
lagenous fibers may be induced to contract 
to a state in which they manifest the long- 
range elasticity typical of the k-m-e-f group. 
Where does elastin, defined as the protein 
found in elastic tissue, fit into this scheme of 
classification? Is such a highly elastic protein 
better fitted into the k-m-e-f group, whose 
members all show elasticity, or does it indeed 
belong to the collagen group which normally 
does not possess this property? Ordinarily, the 
X-ray diffraction pattern of elastin prepara- 
tions from ox ligamentum nuchae is not of the 
oriented collagen type, rather it is “amor- 
phous” or “diffuse.” The typical collagen pat- 
tern, is, however, developed on stretching the 
material, although whether this is due to col- 
lagen fibrils, which are extremely difficult to 
remove completely from the elastic fiber, is 
still undecided. Astbury assumed that ex- 
traneous collagen fibrils were not responsible 
for the pattern developed on stretching and 
concluded that elastin is a member of the 
collagen group. Moreover, in order to ac- 
count for its elastic properties, Astbury sug- 
gested that elastin was a collagen-type protein 
but with a thermal transition point below 
ordinary temperatures. “Its polypeptide chains 
are normally in a folded state correspond- 
ing to that assumed by the other collagen 
fibers when they contract at higher tempera- 
tures.” Bear (10), however, is of the opinion 
that the collagen pattern is due to a trace of 
extraneous collagen included as an impurity 
in the elastin sample and says “it seems clear 
that elastin must be excluded from the col- 
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lagen family.” Thus at the present time it 
is difficult to classify elastin with the other 
fibrous proteins. 


Electron Microscope Studies of Elastic Tissue 


Various workers (16, 17, 18, 24, 37, 38, 43, 
44) have made electron microscope studies 
of elastic tissue, but here again it has proved 
difficult to draw conclusions. Elastic fibers 
are ill-defined structures and many morpho- 
logic types have been found which point to 
the complex and variable nature of elastic 
tissue. Most workers agree that this tissue is 
composed of broad, ill-defined fibers, (show- 
ing no regular structural features) which are 
usually associated with sheets and fragments 
of various sizes and shapes. Moreover, in all 
forms of elastic tissue, much amorphous and 
dense material is found, together with net- 
works of well-defined collagen fibrils. 


Studies of the reaction with the enzyme 
elastase (24, 30) indicate that the broad, ill- 
defined fibers are built from fine, non-striated 
fibrils held together by a dense cement sub- 
stance. Schwarz and Dettmer, (36), how- 
ever, consider that they are built from striated 
fibrils, very similar to collagen in appearance. 
These authors seem to have taken no adequate 
steps to ensure that all extraneous collagen 
fibrils were removed from the sample prior 
to enzyme treatment and electron microscope 
examination, and there is still no definite evi- 
dence that the striated fibrils do in fact origi- 
nate from within the broad, ill-defined fibers. 


From the variety of morphologic data on 
elastic tissue, it is difficult to decide what elas- 
tin, the entity assumed to be common to all 
forms of the tissue, really is. If one disre- 
gards the large amount of debris material and 
collagen fibrils which are invariably present, 
it would seem that elastin is represented by 
the broad, ill-defined fibers. If this is indeed 
the case, it must be accepted that the elastin is 
dual in nature, consisting of fibrils in close 
association with a dense, non-fibrous com- 
ponent (23). Whatever the correct explana- 
tion, the electron microscope studies bring out 
very clearly the complex nature of elastic tis- 
sue and the fact that elastin, whatever its 
true nature, is intimately associated with fi- 
brils of collagen. 
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Chemical Studies of Elastic Tissue 


Chemical characterization of elastic tissye 
is equally difficult, in view of the variations 
which have been observed. 

Little work has been done on the chemical 
composition of dermal elastin, but it is sig. 
nificant that the reported calcium content 
(11, 33) is in conformity with the observations 
of Lansing and associates (29) in aortic elas. 
tin. It is permissible to consider Lansing’s 
(29) observations on the amino acid compo- 
sition of young and old elastins and Hall's 
(21) observations on the complexity of aortic 
elastin as being applicable to elastin from a 
number of sites. 

Hall (21, 22) showed that human aortic 
elastic tissue differed from ox ligament in that 
the treatment with boiling 1 per cent acetic 
acid, which was adequate for the removal of 
all extraneous collagen from the latter tissue, 
left a residue in the case of aorta which still 
contained a high proportion of amino acids 
which were indicative of the presence of a 
collagen-like component. The resistance of 
this material to solution was not absolute, 
however, nor was that of elastin, since both 
could be taken into solution in boiling 40 
per cent urea solution if the liquor/tissue 
ratio and the time of treatment were ade- 
quate. There was, moreover, a progressive 
difference in solubility as one passed from 
collagen through the component intermediate 
in amino acid composition to “true” elastin. 
Lansing reported that the very amino acids 
which formed the basis of the analytic differ- 
entiation between collagen, the intermediate 
component, and elastin increased in amount 
in his elastin preparations with the age of 
the subject. 

Thus in spite of many different approaches, 
our knowledge of elastin and elastic tissue 
is most unsatisfactory. All investigators agree 
on one point, namely the indication that col- 
lagen fibrils are always closely associated with 
elastic tissue. It is this intimate inclusion 
of such fibrils that leads to the uncertainty 
as to whether or not they are extraneous to 
the structure of the elastic tissue fiber. In- 
deed, Banga (9) on the basis of the obser- 
vation of Schwarz and Dettmer (36) has 
suggested that collagen fibrils constitute the 
core of each elastin fiber. In the face of 
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such confusion investigators have continued 
to regard collagen and elastin as two distinct 
proteins, with their own intrinsic staining 
properties, chemical composition, mode of 
elaboration, etc., and have ignored the possi- 
bility of an intimate relationship between 
these two substances. In our opinion the 
key to a better understanding of the de- 
generative changes manifested by connective 
tissue lies in this very relationship. 


THE RELATIONSHIP BETWEEN 
COLLAGEN AND ELASTIN 


New evidence bearing on this relationship 
has been recently obtained (12). Fresh 
dermis as well as collagen substantially free 
from ground substance prepared (27) by a 
modification of Neuman’s procedure (34) 
treated at 37 C. and for various periods of 
time, with alkaline buffer solutions (pH range 
7-10.4), pancreatic enzymes, and with sodium 
metaperiodate solutions at pH 5.0, have been 
shown to undergo transformation. Under the 
light-microscope, lamellar structures (25) 
were observed in both the control and the 
treated material (figs. 1-3) but were more 
numerous and exhibited a wider variety of 
elastic staining properties only in the latter. 
Figures 2 and 3 show two directly compar- 
able photographs of the treated skin taken 
in ordinary and polarized light. Masses of 
amorphous material, which stain deeply, can 
be seen and are associated with the lamellae, 
which are highly anisotropic. Other lamellae 
in the treated material stained pale blue 
or pink and were anisotropic, while others 
stained like elastin and were not anisotropic. 
Further structures, histologically indistin- 
guishable from elastin in the form of wavy 
black-staining fibrils, were observed. 


The electron microscope studies also con- 
firmed the presence of elastin-like structures, 
(figs. 5-8) which seem to be formed by the 
modification of collagen fibrils to varying de- 
grees; the amorphous material produced in 
this process seems to form the elastin-like 
structures by deposition on the various fiber 
structures present. Chemically also, this 
modification of collagen fibrils involves the 
release of fragments rich in hydroxyproline 
and arginine, in keeping with what is known 
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of the relative amino acid composition of 
collagen and elastin. Carbohydrate-protein 
links also seem to be involved in the modi- 
fication of the collagen fibrils, since material 
rich in reducing sugars is also released. 

At the present stage there is insufficient 
evidence to determine the part played by 
polysaccharides in the transformation of col- 
lagen. It may be significant, however, that 
the release of protein material rich in hydroxy- 
proline is always associated with the simul- 
taneous release of material containing large 
amounts of reducing sugar. Furthermore, the 
reagents which bring about the transforma- 
tion are precisely those which would be ex- 
pected to affect the polysaccharide compo- 
nent of the collagen fibrils, viz., alkaline buffer 
solutions and periodate solutions. 

The possibility that collagen fibrils actually 
form an integral part of certain natural elas- 
tic structures has already been considered. 
Banga (9) and Schwarz and Dettmer (36) 
have adduced evidence which supports this 
view. In addition some preliminary obser- 
vations by the present authors are relevant. 
Elastin (ox ligamentum nuchae) was freed 
from “extraneous” collagen (as assessed by 
electron microscope examination) by treat- 
ment with acetic acid. Electron microscope 
studies of the reaction between this substrate 
and the enzyme collagenase revealed the pres- 
ence of collagen-like fibrils which, as would 
be expected if they were indeed genuine 
collagen, were ultimately completely digested. 

Morphologic differences in animal and 
human collagen from different age-groups 
have been recorded. Using the electron mi- 
croscope the width of the collagen fibrils in 
rat and human skin, (8, 18) human Achilles 
tendon (43) and human sclera (37, 38) has 
been found to increase with age. The smaller, 
finer fibrils found in the dermis of babies 
are separated by a larger amount of amor- 
phous material (presumed ground substance ) 
than the thicker, more closely-packed adult 
fibers (17). This increase in ground sub- 
stance in young tissue is confirmed by the 
amorphous X-ray pattern (19). 

There is a growing body of evidence which 
indicates that the reactivity of collagen is 
also a function of age. Banfield (7) has 
found that the solubility of human skin col- 
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Fig. 2. Fig. 3. 


Fics. 1-3, show a frozen section (V.S.) of the dissected dermis treated with alkaline buffer under pressure 
(ref. 11). Fixed in phosphate buffered formol-saline, at a pH 7.3 and stained with Hart’s modification of 
the Weigert stain. 


Fic. 1. Low power view of treated section. The left hand area shows original fibers staining blue, 
whereas the newly formed elastin-like material on the right stains brown. Control sections showed only 
the blue fibers. X50. 


Fic. 2. shows the brown-black amorphous material associated with nonstaining transparent lamellae, 
which seem to be coated by this in many regions. Narrow fibrils, which stain black (indicated by arrows), 
seem to have been newly formed. X92. 


Fic. 3. The same section as fig. 2, photographed in polarized light under comparable conditions. The 
lamellae (indicated by white arrow) are highly oriented in regions where they are not coated by the 
amorphous material. X92. 
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Fig. 4. 








Fic. 4. Fresh whole dermis from exposed forearm skin from an adult aged 69 years suffering from 
senile elastosis, showing fiber network and amorphous material. 

Fic. 5. Fresh whole dermis from the abdomen of a 7 year old child incubated with borate buffer 
(pH 8.8) for 22 hours at 37 C. The degenerate collagen is admixed and coated with dense amorphous 
material to form elastin-like sheets, similar to those found in pathologic skin (see fig. 4). 
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Fic. 6. Control from abdominal skin of an adult aged 36 years to show normal striated collagen fibrils 
and filamenting-type elastin. 

Fic. 7. Prepared abdominal skin collagen from a 9 year old child incubated with 1 per ceat sodium 
metaperiodate in buffer pH 5.0 for one and a half hours at 37 C. Example of typical skin-type elastin 
fiber (with component filaments) that was found in increased numbers following this treatment. 
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Fic. 8. Prepared abdominal skin collagen from an adult aged 36 years incubated with borate buffer 
(pH 8.8) for 20 hours at 37 C. Elastin-like sheets intimately mixed with striated collagen fibers (arrows) and 
elastin fibers. 
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lagen in 0.01 per cent acetic acid solution, 
although marked below the age of one year, 
is only moderate up to 30 years and very 
low above this age. In the case of human 
tendon collagen, the solubility below the age 
of one year is also appreciable, but above 
this age the collagen is completely resistant 
to the acid. 

The effect of collagenase on human skin 
collagen also becomes less marked with age. 
Keech (27) has shown that it is possible to 
obtain from prepared collagen fibrils from 
infants nearly twice as much soluble nitro- 
gen in the reaction mixture as from adults 
over the age of 30 years, and from children 
aged from 1 to 10 years, one and a half times 
as much. Samples from the same _ prepa- 
rations of collagen, when modified by alkaline 
treatment to produce elastin-like structures, 
also show similar gradation in protein ex- 
traction figures (12), i.e., the apparent trans- 
formation, both morphologic and biochemi- 
cal, of skin collagen into “elastin” by alkaline 
treatment is much more marked in the child. 
Similar results have also been obtained using 
fresh whole dermis. Not only do these ob- 
servations point to a similarity in the action 
of alkali and the enzyme collagenase (28), 
but also they may open the way to classi- 
fying the various pathologic states of collagen 
on the basis of their reaction with collagenase 
or with alkali, i.e., the ease with which they 
can be transformed into elastin-like structures. 


DISCUSSION 


The observations mentioned above, indi- 
cating the possible in vitro conversion of col- 
lagen into elastin, form a useful basis for 
discussing connective tissue changes which 
occur in vivo. 

The possibility of this transformation per- 
mits the resolution of many of the difficulties 
previously mentioned. The most fundamental 
of these and one which has considerable bear- 
ing on the morphogenetic approach to con- 
nective tissue has been the lack of positive 
evidence for the existence of an elastoblast. 
There is no longer any need to postulate the 
existence of such a cell, if the fibroblast which 
elaborates collagen fibrils can produce the 
necessary components for the synthesis of 
elastin. The chemical differences between 
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collagen and elastin, and the fact that ap 
in vitro synthesis of the latter is possible from 
the partial degradation products of the former 
indicate that collagen must be built up of 
a group of dissimilar fragments, such as poly. 
peptides and polysaccharides. If it is as. 
sumed that during the biosynthesis of col- 
lagen by the fibroblasts such a heterogenous 
group of components is produced, then col- 
lagen and elastin can be synthesized by com- 
bination of differing selections of these frag. 
ments. This, however, is only one possibility, 
Since it is known that in vitro degradation of 
collagen can provide adequate material for 
the synthesis of “elastin,” there is every likeli- 
hood that in vivo degradation, by whatever 
means it may be effected will afford the same 
spectrum of small components from which 
elastin can be synthesized by appropriate se- 
lection. 

The first of these two hypothetical path- 
ways, being essentially a synthetic one, would 
seem to be the more likely for the normal 
production of elastin. However, the second 
one, which would seem to be biologically less 
probable because it necessitates the break- 
down of highly organized collagen fibrils for 
the production of another organized struc- 
tural unit, “elastin,” is more in accord with 
many of the observed facts regarding senile 
and degenerate tissue. Since the same type 
of structural unit would be used for the pro- 
duction of “elastin” either direct from the 
products of fibroblastic activity or from de- 
graded collagen, the morphologic appearance, 
staining behavior and chemical composition 
should be similar. Because of this, previous 
difficulties in interpreting the elastic-staining 
material in senile elastosis as elastin, a bizarre 
form of elastin or as modified collagen, are 
removed. In addition a rational explanation 
is given for elacin, collastin, and collacin, the 
“intermediate” states postulated by Unna as 
occurring in senile elastosis and other de- 
generative conditions. 

The diagram on page 397 indicates the two 
possible pathways for elastogenesis. One 
hypothesis requires the simultaneous produc- 
tion of collagen by stages 1 and 2 and elastin 
by stage 6. This independent elaboration 
would involve the selection of different group- 
ings of polypeptide and polysaccharide frag- 
ments. The interaction of these two proc- 
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tures can be incorporated into the elastin 
structure, owing to the spatial proximity 
and common source of both types of fiber. 
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esses is, however, not excluded and incorpo- 
ration of some of the partially synthesized 
collagen fibrils into the structure of elastin 
may occur (stage 7). This could account for 
the difficulties in obtaining a sample of elastic 
tissue entirely free of collagen. 

The other possible pathway necessitates the 
preformation of collagen fibrils by stages 1 
and 2, and their subsequent degradation by 
stages 3 and 4, before elastin can be synthe- 
sized from a selection of the degradation 
products thus obtained (stage 8). 

Either of these hypotheses would account 
for the variable composition of “elastins” of 
different age groups (29) and for the exist- 
ence of a component in aortic “elastin,” which 
is intermediate in amino acid composition and 
solubility between collagen and elastin (21). 
They could also explain the observations of 
Schwarz and Dettmer (36) on the release 
of collagen-like structures from elastic tissue 
by the action of elastase, and the similar re- 
sult obtained by the present authors, on treat- 
ing “elastin” with bacterial collagenase (12). 

The problem of classifying elastin into one 
of the two groups of fibrous proteins on the 
basis of its x-ray diffraction pattern is also 
rendered easier. Since it is composed either 


directly or indirectly of the products of fibro- 
blastic activity as in collagen, it should take 
its place in the same group, as Astbury 
originally suggested (3). The inclusion of 
some collagen fibrils in the elastic tissue fiber 
would explain the weak collagen pattern 
against a diffuse background, which has some- 
times been observed. These fibrils would 
align themselves on stretching to give rise 
to a strong and more oriented collagen pat- 
tern. 

The hypotheses also provide a rational ex- 
planation of the variety of morphologic forms 
of elastic tissue found in the electron micro- 
scope studies and the intimate association of 
collagen fibrils with this material. 

As the age of the subject advances the 
amount of elastic staining material in the 
tissues increases, while the reactivity of the 
collagen toward chemical attack (12) and 
enzymatic destruction (27) decreases. The 
majority of the collagen fibrils in adult tissue 
will, however, have passed through the stage 
2 and will be fully mature and hence will 
not be available for inclusion in elastic fibers 
(stage 7). The variable chemical compo- 
sition of senile “elastin” (31) indicates that 
such incorporation does occur, and if there 
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are a few partially formed collagen fibrils to 
take part in such a co-synthesis, they must 
arise by partial degradation of the preformed 
fibrils. It seems likely, therefore, that while 
both pathways may be operative, the one 
involving the breakdown of collagen fibrils 
is of greater importance in senile conditions. 

Recent work has indicated the importance 
of the enzyme elastase and its inhibitors in 
the controlled synthesis and degradation of 
elastic tissue. In arteriosclerosis, the elastic 
fibers of the aortic media undergo marked 
changes, especially in organization and in 
staining properties. Balo and Banga (4) iso- 
lated an enzyme, elastase, capable of com- 
pletely digesting elastin and on the basis of 
its properties, ascribed the changes in arterio- 
sclerosis to its action. Furthermore, the dis- 
covery by the same authors (6) that a circu- 
lating inhibitor in normal serum was either 
completely absent or present in low concen- 
tration in arteriosclerosis, seemed to present 
conclusive evidence in favor of this view. 
However, a comparison of the elastase con- 
tent of pancreas from subjects with and with- 
out a history of arteriosclerosis (5) showed 
that there was an actual decrease in the case 
of arteriosclerotics, notwithstanding the fact 
that the level of the inhibitor in the serum 
was extremely small. These findings seemed 
to point to the involvement of elastase in the 
synthesis, rather than the degeneration of 
elastin, and hence it was impossible to account 
for the observed changes in medial elastin 
solely in terms of the action of elastase con- 
trolled by an inhibitor. Balo and Banga (5) 
now consider that the changes are due to a 
failure to replace elastin destroyed in other 
ways. 

The present suggestions regarding the for- 
mation of elastin have considerable bearing 
on this concept. There is, however, no direct 
evidence that elastase is involved in the trans- 
formation of collagen into elastin in vitro. 
There are difficulties in assessing the effect 
of the enzyme near its optimum pH range, 
8.7 - 9.2, since within this range the buffer 
solution itself is capable of producing elastin- 
like structures, which the enzyme presumably 
simultaneously destroys. It has been shown, 
however, that at lower pH values nearer 
neutrality, certain enzyme preparations from 
the pancreas are capable of producing elastin- 
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like structures from collagen in vitro. Thus 
it seems likely that there are present in the 
pancreas enzymes capable of bringing about 
both the synthesis and breakdown of “elastin,” 

The pancreatic fractions which have been 
shown to have this power are those contain- 
ing both trypsin and chymotrypsin. The bulk 
of the evidence is in favor of reaction 3 
and/or 4 being concerned with either the 
removal or alteration of the polysaccharide 
fragment of the collagen (12). Therefore it 
does not seem likely that the effects observed 
using these pancreatic fractions can be as- 
cribed to their proteolytic activity. The 
elastin content of any tissue may, however, 
be controlled by the presence of other en- 
zyme systems. If the factors influencing stage 
3 or 4 are deficient, even though only a small 
concentration of elastase is secreted by the 
pancreas (or permitted to be effective on 
account of a high level of circulating inhibi- 
tor), the elastin structures would tend to be 
destroyed or at least affected. This course 
of events could account for the changes ob- 
served in arteriosclerosis. 

If on the other hand elastase and the factors 
influencing stages 1 to 4 are present in normal 
concentration, while the amount of inhibitor 
is considerably increased, elastin will be pro- 
duced at a rate greater than it can be de- 
stroyed and true elastosis will ensue. Hall 
and Saxl (25) have demonstrated that in the 
serum of one case of Ehlers-Danlos syndrome 
examined, the concentration of inhibitor was 
between 50 and 100 times as great as that 
in pooled normal serum. The elastosis in 
this syndrome is well authenticated by histo- 
logic studies while Tunbridge and associates 
(41) have shown that the elastic staining 
material in this tissue is morphologically simi- 
lar to aortic elastin. 

In senile elastosis, the necessary assumption 
is that the factors governing stages 1, 2, and 
3 are active, but the factors or enzymes 
governing stage 4 and 7 are not operative. 
Thus although collagen is modified, the re- 
action does not go to completion with either 
the full destruction of collagen or the full 
production of elastin but stops at some inter- 
mediate stage, characterized by partially de- 
graded collagen fibrils and _ elastin-staining 
amorphous material. 
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COLLAGEN AND ELASTIN 


It has been mentioned that alkaline con- 
ditions seem to be most effective in bringing 
about the in vitro modification of the collagen 
fibrils and it may be significant that in many 
degenerative states of connective tissue, a 
general increase in tissue alkalinity has been 
reported (for full references see ref. 1). It 
is too early to assess the importance of ground 
substance in the degenerative process. Pre- 
liminary experiments (12) revealed a greater 
transformation of collagen to “elastin” in 
whole fresh dermis than from prepared ma- 
terial which was substantially free from 
ground substance. While the hypotheses ad- 
vanced here imply that the first stage in de- 
generation involves only the collagen fibrils 
themselves, it does not necessarily rule out 
the participation of ground substance as the 
reaction proceeds. 

SUMMARY 

The in vitro synthesis of elastin-like material 
from collagen is used as a basis for the elabo- 
ration of two hypothetical schemes for the 
in vivo synthesis of “elastin.” Both postulate 
the fundamental fact that elastin and collagen 
originally derive from the same connective 
tissue cell. The two hypotheses differ in that 
one supports the direct synthesis of elastin 
from the products of fibroblastic activity. 
whereas the other requires the prior formation 
and subsequent degradation of collagen fibrils 
and the synthesis of elastin from a selection 
of the fragments. 

Some elastin may be synthesized according 
to the former hypothesis, while the increase 
in elastic staining material observed in senile 
and degenerative conditions can be more fully 
explained by the latter. The conditions under 
which this modification of the collagen fibrils 
can be made to occur indicate the possible 
removal of polysaccharide. On the basis of 
these hypotheses rational explanations of the 
histologic, electronmicroscope, x-ray, and bio- 
chemical findings on normal connective tissue 
can be made, and the specific features of 
arteriosclerotic tissue, senile elastosis skin, and 
Ehlers-Danlos skin can be explained. 

The pancreatic fractions and collagenase (Clostri- 
dium welchii) were kindly supplied by Dr. C. G. 
Pope of the Wellcome Research Laboratory and the 
collagenase (Clostridium histolyticum) by Dr. J. D. 
MacLennan. 
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STUDIES OF GROWTH THROUGHOUT THE LIFESPAN IN JAPANESE: 
GROWTH AND SIZE OF NAILS AND THEIR RELATIONSHIP 
TO AGE, SEX, HEREDITY, AND OTHER FACTORS* 


JAMES B. HAMILTON, HARUMI TERADA, AND GORDON E. MESTLER 


(From the Departments of Anatomy, State University of New York, College of Medicine at New York City, 
and University of Tokyo Medical Faculty, Tokyo, Japan) 


Reasonably accurate and quantitative meas- 
urements can be made of the growth of struc- 
tures like the nails which proliferate through- 
out the lifespan. These studies escape the 
limitations of investigations of growth in 
terms of increments of height and weight, 
which disappear after an adult form is at- 
tained, except for cases in which adipose tis- 
sues accumulate. 

Many scholars, including Muller (49), 
Gerard (23) and Needham (53), have em- 
phasized the similarity of processes in which 
protein molecules are replicated, whether this 
be in the production of small units like en- 
zymes and antibodies or the reproduction of 
genes to form a cell or an entire organism. 
In so far as growth of the nail may reflect the 
metabolism and growth of other bodily struc- 
tures, studies of this integumental appendage 
can provide, at any age, quantitative assess- 
ments of metabolism and growth that are ap- 
plicable to other structures as well as skin. 
The existence of a parallel between nail 
growth and bodily metabolism in general has 
been described by Needham (53) as follows: 
“replacement of hair, nails . . . logically ex- 
tends to the molecular level, to the ‘metabolic 
turnover’ of the biochemist (33) .. .” and 
“followed back to its origin at the molecular 
level, regeneration becomes identical with the 
metabolism of maintenance . . .” 

The present communication establishes 
standards for the nail growth at successive 
ages and analyzes for Japanese subjects some 
of the factors which might conceivably in- 
fluence or be associated with periods of rapid 
or slow growth of nails. Reference will be 
made to companion studies of approximately 
1,000 Caucasian subjects (29). 

Submitted for publication July 11, 1955. 

*This study is part of a medical and genetic investigation 
Supported by grants H-1497 from the National Heart In- 
Stitute and H-397 from the National Institute for Arthritis 
and Metabolic Diseases, U.S.P.H.S. The authors are also 


indebted to the subjects who took part in this study, and to 
our Japanese colleagues, especially Dr. Eiji Inouye. 


MATERIALS AND METHODS 


Subjects consisted of 297 males and 298 
females. Their distribution according to age 
is shown in figure 12. All individuals were 
residents of Toky6 or its environs and were 
in good health, as far as could be determined 
without detailed investigation, when studied 
in May, June, and July of 1954. Some of the 
older persons lived in a home for the aged, 
but neither these nor any of the other subjects 
were institutionalized because of poor health. 


An additional study was made in the sum- 
mer of 1953 of 27 young members of three 
large families, all of whom were Japanese sub- 
jects living in Japan. Comprehensive genetic 
investigations, including extensive use of ser- 
ologic and other methods, strongly suggest 
the correctness of the familial relationships 
shown in figure 13. 


Nail-biters were excluded from this study 
since biting of the nails augments the rate of 
growth (29, 34,42). The increase in growth 
rate that accompanies biting of the nails seems 
to be comparable to the increased prolifera- 
tive rates observed under other circumstances 
when cells are jostled, such as when friction 
is applied to the skin (60) or even when tis- 
sue cultures are subjected to movement (53). 

The procedure used to measure rate of 
linear growth of nails is analyzed critically 
elsewhere (29). As employed in this study, 
it records the distance that an incision made 
upon the surface of the nail plate moves dis- 
tally over a period of 6 weeks. Measurements 
were made with needle-point calipers with 
the nail viewed at a magnification of 2X. In 
the study of Japanese subjects the nail of the 
left thumb was employed and the base of the 
corpus unguis utilized as the stationary frame 
of reference. In 3 instances the right thumb 
was substituted because of amputation or de- 
formity of the nail of the left hand. Rates of 
nail growth are similar on right and left hands 
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regardless of whether the subject is right or 
left handed (3, 29, 34, 42). 

In most subjects the rate of nail growth of 
the thumb differs somewhat from that of other 
digits. We have examined the data of Hill- 
man and Leogrande (34) for 39 young Cauca- 
sian men, finding that the mean rate of growth 
for the thumb was 9 per cent slower than that 
for the middle finger. In another series (29) 
of 6 female and 4 male Caucasian subjects the 
nail also grew 9 per cent slower on the thumb 
than on the big finger. It was also 9 per 
cent slower in a series of 7 male and 14 fe- 
male Japanese subjects. This correction fac- 
tor of 9 per cent was applied to our data for 
Caucasians and for the Japanese families (in 
whom the left maximus was the site under 
study ). 

The thickness of the nail was measured with 
micrometer calipers in the midline of clippings 
from the free edge of the nail. The proximal 
portion of the clippings was utilized since the 
distal border of the nail is known to undergo 
fragmentation and attrition to the extent that 
50 per cent of the nail may be sloughed (3). 
A release mechanism prevented undue com- 
pression of the nail by the jaws of the mi- 
crometer calipers. Debris, especially adherent 
epithelial cells, was scraped from the under- 
surface of the clippings before measurements 
were made of the thickness of the nail. Scrap- 
ing was done with a sharp razor blade while 
the clipping was examined at a magnification 
of 5X. 

The length of the nail plate was measured 
in the midline of the thumb with needle-point 
calipers placed between the hyponychium and 
the base of the nail plate. Longitudinal cur- 
vature of the nail introduced an error which 
was small in magnitude but differed in an 
undetermined amount from subject to subject. 

The greatest breadth of the nail was also 
measured in situ with needle-point calipers. 
Because of the medio-lateral curvature of the 
nail this value does not represent the true 
width of the nail. The extent to which the 
measurements differed from the true width 
was considerable in some subjects. 


The “nail index” is breadth (mm.) + length (mm.) 
x 100. 

The number of days required for replacement of 
the nail plate, ie., for the nail to grow from the 
base of the corpus unguis to the hyponychium, was 
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calculated from the length of the nail plate (mm,) 
+ daily rate of growth (mm.) 

The rate of volumetric growth of nail per day 
was calculated by thickness (mm.) * breadth (mm.) 
X length grown per day (mm.). 


Height of the subjects was measured after 
removal of footgear. Weight was recorded 
with the subjects either undressed or wearing 
a light cloak of known weight. 

The thickness of skinfolds was measured 
with calipers designed and standardized by 
Keys (40). Each jaw has a surface area of 
40 sq. mm. The jaws are compressed by a 
spring with a constant force of 10 Gm./mm‘’. 
The site selected for study was the postero- 
median surface of the arm midway between 
the elbow and the shoulder, an area accessible 
for study and commonly used as one index 
of the amount of bodily fat (19, 63). 

Growth and function of other integumentary 
structures were also studied. Axillary hair 
was measured in terms of weight of the full- 
grown mass and weight of hair grown per 
day as recorded for a period of 6 weeks. The 
method for obtaining, cleaning, and drying 
the samples has been described (26). The 
beard grown during 48 consecutive hours was 
collected with a special electric shaver de- 
signed to retain the shavings. A detailed pro- 
cedure has been devised for cleaning, drying, 
and weighing of shavings (28). 

Sebum was measured by a method similar 
in principle to that described by Jones, Spen- 
cer, and Sanchez (37). The incidence and 
severity of acne were tabulated in accordance 
with categories established by Bloch (7). The 
occurrence and extent of common baldness 
were classified according to the categories 
defined by Hamilton (27). 

Titers of ketosteroids in urine collected for 
48 consecutive hours were measured accord- 
ing to the technique described by Lieberman 
and associates (43). 


RESULTS 


Reliability of measurements. Thickness of 
nail clippings from 10 subjects was measured 
in three places, the midline (mean of 0.58 
mm.) the lateral edge (mean of 0.53 mm.), 
and midway between the midline and the 
lateral edge (mean of 0.57 mm.). No ap- 
preciable error (P = 0.78) is introduced if 
the site of the reading is displaced from the 
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midline by + 1.0 mm. in small children or 
by + 3.0 mm. in adults. 

As studied in 6 subjects, desiccation for 24 
hours reduced the mean thickness of nail clip- 
ping by only 0.01 mm., a difference within 
the range of error in duplicate micrometer 
measurements made of the same specimen 
under identical conditions. Exposure over- 
night to a maximally humid environment in- 
creased the mean thickness of clippings from 
5 subjects by only 0.02 mm. (P = 0.67). 
Therefore measurements of the nails were 
made without regard to their hygroscopic 
properties. 

Three readings were taken routinely of the 
thickness of each nail clippings as measured 
in the midline. In almost all instances the 
values agreed within + 0.005 mm. Values 
were rejected if they varied by more than 
+ 0.02 mm. Rejected samples were found 
upon microscopic inspection to have ridges 
or gouges. As tested in 18 subjects, the values 
for thickness of 3 successive clippings of the 
same nail agreed within + 0.01 mm. 

To test the reliability of data for the rate 
of linear elongation, measurements of the dis- 
tance between a scratch on the nail and the 
hyponychium were repeated 7 times at minute 
intervals on 10 digits. These multiplicate 
readings had an average S.E. of + 0.1 mm. 
The average error in recording linear growth 
would be 3 per cent in a nail which grew at 
an average rate of 0.15 mm. per day for 6 
weeks. It would be 9 per cent in a nail 
growing 0.05 mm. per day for 6 weeks. These 
rates of growth represent the extremes ob- 
served in this study. Thus it was not con- 
sidered necessary to extend the period of ob- 
servation in order to increase the distance that 
the incision migrated distally and thereby 
reduce the possible error in measurement. 

The extent to which the value for linear 
growth during one period of 6 weeks provides 
a true index of the growth of that nail may 
vary with the status of the subject. Seasonal 
variations have been described (42) but are 
not always observed (3, 4, 34). Children 
undergo marked seasonal spurts of growth as 
reflected in increments of height and weight 
(56) and it is possible that seasonal variation 
is more pronounced in immature than in adult 
subjects. Among adults the rate of nail 
growth, as studied in one man, has been 
found to be relatively constant in measure- 
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ments at 11 intervals between 15 and 115 days 
(29). Hillman and Leogrande (34) found 
a mean variation of 0.0035 mm. (range of 
zero to 0.016 mm.) in 261 measurements of 
99 men. Variation from time to time in the 
same individual was marked in only a few of 
the males but in a somewhat larger proportion 
of females studied in a similar fashion. It is 
uncertain whether the tendency to variation 
in growth rate in some subjects was due to 
internal physiologic factors, or to intercurrent 
influences such as mild illness, and differences 
in pressure upon the nails as a result of piano 
playing. Undoubtedly the rate of nail growth 
can be reduced by illness (3), severe starva- 
tion (35), and immobilization or paralysis of 
the digits (32, 47), and can be increased by 
physiologic factors such as pregnancy (25) 
and by external stresses such as are incurred 
in biting the nails and playing the piano. 
The available data do not permit definitive 
analysis, however, of the extent to which 
time-to-time variation, which is marked in 
certain persons especially among females, is 
due to internal physiologic factors and how 
much is due to external stress directed spe- 
cifically on the nails. 

Although there are differences from person 
to person as to which nails grow fastest and 
differences in rate of growth of the various 
nails in the same subject, it seems that meas- 
urements of one particular nail are as repre- 
sentative as values for several nails. The com- 
parability of data from person to person, as 
studied in 10 subjects at 4 intervals of 6 
weeks each (29), was as good when based on 
values for one nail (maximus) as when cal- 
culated from mean values for 4 nails (pollex, 
index, maximus, annulus). 

Data for subjects with racquet thumbs*® 
were excluded in statistical analyses since the 
values were atypical in many respects. 

Dimensions of nails. Values for length of 
the nail plate increased rapidly during the 
first two decades and attained almost their 
maximum in the 15-19 year-old group, both 
in males and females (figs. 1 and 2). This 
~ @Nail en raquette is described in Blakiston’s New Gould 
Medical Dictionary (5) as follows: “A dystrophy of the 
nail in which the nail, usually that of the thumb, appears 
wider than normal, its transverse curvature diminished so 
that the nail seems flat. The effect is that of a miniature 
tennis racket.” Actually, as shown in the present study, the 
deformity is associated with subnormal length. The breadth 
of the nail is only slightly greater. Moreover, the racket 


phalanx occurs commonly on the big toe as well as on the 
thumb. 
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corresponds to the age when growth of the 
somatic tissues in general was largely com- 
pleted as indicated by measurements of bodily 
height. Mean values for length of the nail 
plate did not change materially in subsequent 
decades. 

Breadth of the nail plate increased rapidly 
during the first two decades and continued 
to do so at a slower rate thereafter through 
the sixth decade (figs. 3 and 4). Breadth was 
significantly greater (P = 0.001) in the sixth 
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than in the third decade. The gradual in- 
crease in breadth with aging may be due to 
flattening of the nail or to an increase in di- 
mensions of the cells, but studies were not 
undertaken to analyze either of these pos- 
sibilities. 

In subjects with racquet thumbs the mean 
length of the nail was 68 per cent of the 
average for their respective age groups, 
whereas the average breadth was slightly 
greater (108 per cent). 
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Fig. 5 is of the curves of mean values per decade for the nail index. 


Figs. 6 and 7 show the increase in the thickness of nails throughout life and the greater thickness of nails 
in men than in women. A single mean is employed for values for the seventh through the ninth decades. 


Figs. 8 and 9 portray the volume of the nail plate. A single mean is employed for the seventh through 


the ninth decades. 
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The nail index (fig. 5) decreased rapidly 
during the first 114 decades and remained rel- 
atively constant thereafter. 

Thickness of the nail increased rapidly dur- 
ing the first two decades and at a slower rate 
thereafter throughout life (figs. 6 and 7). The 
difference between values for the third decade 
and those for the sixth through the ninth 
decades was significant (P = 0.01 in males, 
0.001 in females). 

Nails were significantly thicker (P < 0.001 
in men than in women, as tested from the third 
through the ninth decades inclusive. 

The volume of the nail plate increased rap- 
idly during the first two decades, more slowly 
thereafter (figs. 8 and 9). This is due to in- 
creases in all three dimensions during the 
first two decades and mainly to further in- 
creases in thickness and width after the sec- 
ond decade. 

Rate of Growth of Nails. 1). Linear growth. 
Peak values for rate of elongation were 
reached in the 10-14 year-old group in both 
males and females. After the second decade 
the rate of growth declined steadily and 
materially (figs. 10 and 11). In compari- 
son with values for the second decade this 
decrease in rate of growth was statistically sig- 
nificant by the fifth and all later decades 
(P = 0.01) as tested separately for each sex. 
The further decline between the fifth and the 
eight decades was also significant in males 
(P = 0.002), questionably so in females 
(P = 0.02). The lack of further decline in 
the ninth decade may be spurious, possibly 
the result of the small number of aged sub- 
jects available for this study, since the decline 
was observed to continue (fig. 12), in studies 
of a larger group of Caucasians (29). 

The shape of the curve was not altered 
significantly at the age for the menopause and 
there was no statistically significant difference 
(P = 0.60) in rate of growth between 14 
menopausal and 22 premenopausal women 40 
to 59 years old. 

2). Number of days required for replace- 
ment of the nail plate, i.e., for movement 
of an incision on the nail plate from the base 
of the corpus unguis to the hyponychium 
(figs. 14 and 15). The curve of increase in 
mean number of days required for replace- 
ment of the nail plate was steepest in chil- 
dren and adolescents, associated in large part 
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with lengthening of the nail plate along with 
enlargement of other bodily structures. After 
the second decade the time required for re. 
placement increased at a slower rate. This 
slower replacement of the nail plate with 
aging is due mostly to the declining rate of 
linear nail growth and little to further elonga- 
tion of the nail plate. 

The range of time required at each age for 
replacement of nails of various lengths can be 
estimated from figures 14 and 15, thus de- 
fining the greatest intervals during which 
measurements can usually be made with a 
single marking. 

3).. Volumetric growth. The volume of 
nail grown per day increased markedly dur- 
ing the first two decades: but was relatively 
constant from the third through the ninth 
decades (figs. 16 and 17). In effect, the de- 
cline with aging in rate of linear elongation 
was counterbalanced by increments in thick- 
ness and breadth. 

In calculations of volume, two of the di- 
mensions (thickness and linear growth rate) 
are more reliable than the third (breadth) 
which was not corrected for the amount of 
mediolateral curvature. Two-dimensional val- 
ues, based on the relatively accurate measure- 
ments of thickness < linear growth rate, 
showed no change after the third decade ex- 
cept in the oldest groups of men in which 
there were few subjects. The fact that the 
two-dimensional values underwent no change 
with age again indicates that the decrease 
in rate of elongation is practically counter- 
balanced by the increase in thickness. 

Lack of relationship of linear growth rate 
to size of the nail, bodily mass, and growth 
of integumentary appendages which are sec- 
ondary sex characters. As tested separately 
for males and females in three age groups, be- 
fore puberty (1-8 years) and in young (25-34) 
and old (70-88) adults, the rate of nail growth 
was not significantly correlated with thickness 
of the nail, length of the nail plate, bodily 
height, bodily weight, nutritional status as as- 
sessed in terms of thickness of skinfolds of 
subcutaneous fat, degree of development 
(weight of full-grown mass) of axillary hair, 
rate of growth of axillary hair or beard, and 
the incidence and severity of acne and com- 
mon baldness. 


The rate of linear elongation of nails was 
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only slightly elevated at the 14th year in males 
and the 12th year in females, the years in 
adolescence when increments in bodily height 
and weight were exceptionally great. Final 
conclusions cannot be drawn as to the pres- 
ence or absence of parallel increases in rates 
of growth in nails and other somatic tissues in 
the years of peak growth in adolescence, since 
measurements of nail growth were restricted 
to May through July. This is a time in Japan 
when somatic growth is much less rapid than 
in autumn. 

Aging. Statistically significant changes 
with aging included a decrease in rate of 
linear growth and increases in thickness, in 
breadth of the nail plate (through the sixth 
decade), and in the extent of inter-subject 
variation in values for some items. 

A decrease with aging in rate of linear nail 
growth was suggested by Voit’s data (65) for 
three subjects of different ages and by Bean’s 
study (3) of himself for a decade, but these 
suggestions were not supported by the more 
extensive studies carried out prior to the pres- 
ent report. Le Gros Clark and Buxton (42) 
found no difference in growth rate between 
the 10th and 23rd years. In Bloch’s data (6), 
apparently published only as generalities in 
an abstract referring to a supposedly large 
but unstated number of subjects, the rate 
of elongation increased to reach adult levels 
by the third year of life and was maintained 
at this rate until the end of the fourth decade. 
A further plateau at a slightly reduced rate 
was reported for the fifth and sixth decades 
with no marked reduction of rates of growth 
until the seventh decade. Edwards and 
Schott (20) observed no effect of age upon 
rate of growth of toenails in 70 subjects of 
both sexes 3 to 65 years of age. It would seem 
that the present data for Japanese and Cau- 
casians provide the only substantial study 
throughout the lifespan and proof that reduc- 
tions in linear growth rate are statistically 
significant. Hillman and Leogrande (34) have 
unpublished data for Caucasians in keeping 
with the present findings of reduced growth 
with aging. 

The present data are in harmony with the 
decline upon aging in growth of axillary hair 
(26) in man and of the pelage in animals 
(14, 16, 18) and of the desquamation of 
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epithelium (39). With aging there is a de- 
crease in the rate of regeneration of the liver 
9, 44, 54) and in its capacity for growth 
when cultured in vitro (24). Aging also re- 
duces the ability of other tissues to grow in 
vitro (22), the capacity for regeneration of 
limbs in crustacea (51, 52), and of various 
portions of the body in some but not all ani- 
mals (58, 69). 

In both series of Japanese subjects employed 
in the present study, the genetically unre- 
lated persons (fig. 10) and the siblings in 
three large families who were studied as a 
separate project (fig. 13), the rate of linear 
growth among males tended to be highest in 
the second decade and to decline thereafter. 
A similar peak was not observed in female 
siblings of the large families (fig. 13). This 
“watershed” appearance of the age curve for 
values in males, in conjunction with the great- 
est sex difference in linear nail growth rate 
in the 10-19 year-old group (see below), sug- 
gests that the high growth rate for males in 
the second decade is real and may be a re- 
lection of the marked somatic growth of males 
during adolescence. The healing of skin 
wounds in man is known to be more rapid 
during adolescence than thereafter (55). 

The extent of variation of values from sub- 
ject to subject, as tested in data combined for 
males and females between 20 and 89 years 
of age, increased significantly with regard 
to days required for replacement of the nail 
plate (with the third decade as the frame of 
reference, P = 0.01 by 40-59 years and 0.002 
by 70-89 years) and thickness of the nail 
(P = 0.02 by 40-59 years and 0.002 by 70-89 
years), but not with regard to length, width 
or volume of the nail plate or volume of nail 
grown per day. Shock (61) has reported that 
aging is accompanied by greater variation 
among subjects in most homeostatic phe- 
nomena. 

Heredity. Familial tendencies in rate of 
linear elongation of nails (fig. 13) seem to be 
distinctive. Both male and female siblings 
tended to conform to the growth rates that 
were characteristic of the family. Five of the 
6 parents of the families had low rates as ex- 
pected at their age, and did not exhibit the 
differences in rates that typified younger mem- 
bers of their families. 

The difference in mean rate of nail growth 


-_ 
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between members of the H and I families® 
is statistically significant (P = 0.001) even 
with this limited number of siblings. The 
mean growth rate in the K family is inter- 
mediate between those for the H and I fam- 
ilies and is significantly different from that 
of the I family (P = 0.01) but not the H 
family (P = 0.15). 

Genetic regulation of the linear growth rate 
of nails was also observed in unpublished 
studies of identical twins in whom nail growth 
was more similar than in fraternal twins or in 
unrelated subjects of the same age. 

Familial tendencies in rate of linear nail 
growth resembled familial tendencies in titers 
of urinary ketosteroids+ in some respects but 
were not correlated either with the amount of 
sebum excreted normally (or after removal 
of the oily film from the skin) or with the 
rate of growth of axillary hair or beard in the 
families. 

After adjustment for age,* the degree of 
variation (S.D.) among subjects in linear 
growth of nails was 0.0135 mm. among sib- 
lings of the H family, 0.0076 mm. in the K 
family and 0.0078 mm. in the I family. The 
degree of variation was significantly greater 
(P = 0.005) in the H family than in the K 
or I families. The variation between pairs of 
siblings from different families was not sig- 
nificantly greater, however, than between pairs 
within the same family. 

The thickness of nail clippings (for mem- 
bers of the families who were 18 or more 
years of age) was found, after adjustment for 
age and sex,* to be greater in the K family 
than in the I family (P = 0.005) or in the 
H family (P = 0.02). 
~ ©The comparison between families was made after ad- 
justment of the raw data for differences in the age of sub- 
jects and in the rate of nail growth of the digit under 
study. The nail growth rate for the big finger, which was 
the site used in studies of families and twins, was reduced 
9 per cent to correct for the slower growth rate of the 
thumbnail (see Materials and Methods). The data for un- 
related persons (see figs. 10 and 11) permitted adjustment 
to be made for differences in age. With values for the 
10-19 year-old group as a base line, the mean rate in 
males was 0.002 mm. less at 5-9 years, 0.006 mm. less at 
20-32 years. In females it was 0.001 mm. more at 5-9 
years and 0.001 mm. less at 20-34 years. 

+Familial tendencies in titers of urinary ketosteroids as 
studied in members of these families who were 18 to 34 years 
of age, corresponded to familial trends in nail growth, in 
that values were highest in the H family, intermediate in 
the K family, and lowest in the I family. After adjustment 
of data for the lower values of ketosteroids in females, 
statistically significant differences were observed between the 
H and K families (P = 0.007) and the H and I families 
(P = 0.001). These familial tendencies in ketosteroid titers, 


like those in rate of nail growth, were exhibited by siblings 
of both sexes. 
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Sex differences. As tested in subjects of all 
ages, the mean value for daily rate of linear 
growth of nails was 0.006 mm. faster in males 
than in females (P = 0.001). Mean values 
per decade tended to be higher in males than 
in females until the eighth decade, but only 
in the 15-19 year old group was the difference 
statistically significant (P<0.001). After the 
second decade the tendency to faster growth 
in males amounted to 0.003 mm. per day, a 
factor of only 3 per cent. From 20 to 69 
years of age (i.e., omitting the eighth and 
ninth decades when growth was actually less 
rapid in males than in females) the sex dif. 
ference as tested in 142 males and 155 fe. 
males was significant only at the 2 per cent 
level. 

Sex differences in rate of linear elongation 
of nails were not significant in most studies 
of Caucasians (20, 29, 42), although for a 
limited range of age in young adults slightly 
higher rates have been observed in males 
(34). There is also a divergence in data for 
rate of growth of scalp or bodily hair (16, 
31, 50, 57, 66, 67), but the majority of reports 
show little or no difference between the sexes. 

As tested between 20 and 89 years of age, 
values were significantly greater (P<0.001) 
in males than in females for volume of the 
nail grown per day and. for growth in two 
(rate of elongation per day X thickness) and 
three dimensions. The greater volume in 
males than in females, amounting to 0.18 cu. 
mm., or 28 per cent, is due to the fact that 
all dimensions of the nail were significantly 
greater in males than in females. 

No conclusion can be drawn at present as 
to whether the greater thickness of nails in 
males than in females is due to differences in 
size or number of cells. A larger size of cells 
in males than in females would be in keeping 
with the decrease in cellular size reported 
upon castration and the increase induced by 
androgenic stimulation not only in sexual or- 
gans (48) but also in other tissues and organs 
(13, 30, 36, 38, 41). 

After adjustment for age the variation in 
thickness of nails from subject to subject was 
no greater in females than in males, either 
among the unrelated persons or among sib- 
lings of large families (P>0.i0 for the H 
family, 0.025 for the K family, and >0.10 for 
the I family). 
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Comparison of Japanese and Caucasian 
data. The mean values for daily rate of 
elongation and their slopes of decline with 
aging (fig. 13) are similar in Japanese and 
Caucasians. Adult Caucasians did not ex- 
hibit a sustained trend to sex differences in 
rate of linear growth. 


DISCUSSION 


Elongation of nails as an index of growth. 
Growth of the nails can be measured in a 
quantitative fashion with simple procedures. 
These measurements can sum up the amount 
of growth over extended intervals of time 
or can be limited to periods as short as one 
week (2) or a few hours (29). Moreover, 
growth of the nails can be _ investigated 
throughout the lifespan. 

There is biologic and biochemical evidence 
(23, 49, 53) that studies of nails can serve to 
gauge growth and metabolism not only of 
integumental appendages, but also of other 
bodily structures and perhaps of the body as 
a whole. Delineation of the extent of paral- 
lel between the metabolic status of nails and 
other structures will require considerable 
study, but proof that a parallel exists may be 
summarized in the next paragraph. 

The present study shows a marked and 
statistically significant decline with aging in 
linear growth of nails in humans that is simi- 
lar to the decrease with age in regeneration 
rates in other species (51, 52). Presumably 
this decline is part of a body-wide reduction 
with age in proliferation (9, 10, 64) and meta- 
bolism (44, 62). The growth rate of nails 
has been reported (3) also to be slowed as 
a result of a body-wide viral infection, mumps. 
Unpublished studies of rodents have shown 
that linear growth of the nails is decreased: 
1) in a graded manner when the gain in body 
weight is progressively reduced by partial 
starvation; 2) during lactation; and 3) as a 
result of administration of antimitotic drugs. 
The rate of nail growth can be increased in 
association with phenomena affecting other 
parts of the body, such as in pregnancy (25) 
which is presumably accompanied by a gen- 
eral enhancement of growth processes. 

The question may be raised as to why linear 
elongation did not proceed with much greater 
rapidity in children than in young adults. 
Several explanations seem possible. One is 
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that the present study was made at a season 
of the year when somatic growth is relatively 
meager; perhaps higher rates of nail and 
somatic growth might be found in parallel at 
another season. It is also possible that growth 
is proceeding virtually at a maximum through- 
out much of the first two or three decades of 
life so that during this time gradations are no 
more extreme in nail growth rates than in 
other physiologic variables like basal metab- 
olism (59). It should be noted, too, that if 
the rate of elongation of nails is considered 
in relation to the smaller dimensions of nails 
in children than in adults, the linear growth 
rate per unit mass of nails is relatively high in 
children. 

The purported growth of integumental 
structures after death of the organism requires 
comment if nail growth is supposed to paral- 
lel growth and metabolism of other tissues. 
In studies of several tissues including epi- 
thelium, Bullough (11, 12) has shown that if 
a cell begins to divide before death of the 
organism mitosis continues to completion. 
New mitoses are not begun. Much of the 
supposed growth of integumental append- 
ages after death is described by Cowdry (15) 
as apparent rather than real, since in actuality 
most of the postmortem changes are due to 
shrinkage of the soft tissues rather than to 
growth of integumental appendages. 

The increase in thickness of the nails 
throughout adult life may be due to greater 
stratification but it seems more likely that it 
represents an increase in cell size such as has 
been claimed to occur in many different tis- 
sues (1, 8, 17, 21, 41, 46, 68). If cells in- 
crease in all dimensions, their greater proximo- 
distal size would tend to counteract the de- 
cline with age in rate of linear elongation of 
the nail. If it were assumed that the percent- 
age increase in thickness (mean of 12 per 
cent in males and 20 per cent in females in 
comparisons of the 20 to 29 year-old group 
with those 70 to 89 years of age) is due to 
greater thickness of the cells and that the 
proximo-distal dimension of the cells is in- 
creased to a similar degree, the adjusted data 
for proliferative rates in the 70 to 89 year-old 
group would be 0.068 mm. in males and 0.064 
mm. in females; in comparison with the rate 
of elongation in the third decade (0.105 mm. 
in males, 0.100 mm. in females) the decrease 
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by the seventh and eighth decades would be 
35 per cent in males and 36 per cent in fe- 
males. The measured decline in linear elonga- 
tion was 27 per cent in males and 20 per cent 
in females. 

An increase in thickness with aging is ob- 
served not only in nails but also in hairs of 
various sites such as eyebrow, nasal vestibule, 
and external ear. This increase in thickness 
with aging is proportionally as great in fe- 
males as in males as regards nails but not in 
hairs of the sites referred to above. 


Changes with aging. The steady and sub- 
stantial decrease with age in rate of linear 
nail growth, the tendency to which is tenta- 
tively assumed to begin after sexual matura- 
tion, sheds some light on the processes re- 
sponsible for aging. One of the chief theories 
as to the cause of aging, propounded by Minot 
(46) and vigorously championed by later 
workers, is that aging is the consequence of 
differentiation of cells in that differentiation 
results in loss of proliferative properties. Al- 
though there is little doubt that differentiation 
is accompanied by decreased mitotic rates 
(53), a decline in proliferative rates can also 
occur with aging of the nail matrix, a struc- 
ture that does not seem to differentiate fur- 
ther with advancing age. Hence, progressive 
differentiation would seem to be neither a 
cause nor an accompaniment of the decline 
in proliferative rates of the nails. 

The decrease in nail growth with aging 
does not represent simply a decline in the 
function of postmitotic cells such as is ob- 
served in skeletal muscle fibers or neurons, 
but is an expression of reduction in the ca- 
pacity of newly-derived daughter cells to 
undergo further proliferation. Essentially, 
however, the decrease in function with age 
seems to be the same (53) whether it in- 
volves metabolic turnover or growth. 

Judged by rate of linear elongation of nails, 
a decline in growth follows attainment of 
high values at about the time of sexual ma- 
turation, at least in males. The validity and 
magnitude of this peak cannot be appraised 
until studies are carried out which take into 
account the possibility of seasonal influences 
upon growth rates, especially in young or- 
ganisms. It seems that at least some aspects 
of senescence are initiated or accelerated after 
sexual maturation. McCay has (45) used the 
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technique of partial starvation in rats to extend 
the prepubertal period to several times its 
normal length, with consequent prolongation 
of life. After maturation had occurred, 
though, starvation no longer prolonged sur. 
vival to the same extent observed with starva- 
tion prepubertally. The effects of sexual ma- 
turation seem to be only additive, however, 
for senescence occurs after prepubertal castra- 
tion as well as in the intact organism. 

One of us (J.B.H.) has expiored the con- 
cept that a central feature of many aging 
proceesses is a decrease in the ability for repli- 
cation of cell constituents (including fune- 
tion, replacement and growth of cells). This 
decrease is probably, in part, secondary to 
changes (22) occurring in tissues and fluids 
elsewhere in the body. Fibroblasts, when cul- 
tured in vitro, are able to survive long be- 
yond the usual lifespan of the animal from 
which they were obtained (22), but similar 
success with a variety of other tissues has yet 
to be reported. At present it is not possible 
to define the extent, if any, to which the di- 
minution in rate of nail growth with age is 
primary, that is, due to changes in the vital 
properties of individual cells of the nail. 

The distinction between primary changes 
(which probably differ in various cells and 
with genetic constitution) and secondary 
changes (due to influences originating in 
other parts of the organism) is crucial to the 
understanding of aging processes and may 
aid in defining the pathogenesis of diseases 
that accompany aging. Perhaps transplants 
of nail buds between donors and hosts of dif- 
ferent ages would help to clarify which 
changes are “normal” (i.e., usual) accompani- 
ments of the decline with age in metabolism, 
replacement and growth vs. those which are 
pathologic. 

SUMMARY 


Evidence from this and other studies indi- 
cates that growth of structures like the nails, 
which proliferate throughout the lifespan, re- 
flects the function, replacement and growth of 
the various other bodily structures. In so 
far as such a parallel exists between growth 
of the nails and other parts of the body, 
simple and reasonably accurate observations 
of these superficial structures can provide 
quantitative appraisals of the metabolism and 
replacement of protoplasm at all ages. 


In vie 
of the 3 
997 ma 
years O 
the infl 
out in | 
lies. T 
was exa 
were Sl 
study e 

Line: 
rapid it 
Growth 
signific: 

The 
signific 
length 
weight 
of thic 
the sec 
beard; 
and th 
baldne 


The 
of the 
seem 1 
eviden 
aging i 
cause | 
pacitie 
as evi 
aging © 
pacity 
cludin: 
cells. 

The 
in the 
after. 
counte 
so tha 
chang, 

Her 
cant it 
male ; 
the ra 
family 
that rr: 
identi 
the sa 


1, Al 
Ki 





extend 
ies its 
gation 
urred, 
1 sur- 
itarva- 
il ma- 
vever, 
‘astra- 


> con- 
aging 
repli- 
fune- 
This 
ry to 
fluids 
n cul- 
g be- 
from 
imilar 
is yet 
ssible 
ie di- 
ige is 
vital 


anges 
; and 
idary 
g in 
o the 
may 
eases 
lants 
f dif- 
vhich 
pani- 
lism, 
1 are 


indi- 
nails, 
1, Te- 
th of 
n so 
owth 
ody, 
tions 
vide 
and 





NAIL GROWTH AND AGE 413 


In view of the above considerations, growth 
of the nails was studied in healthy subjects, 
997 male and 298 female Japanese, 1 to 89 
years of age. Supplementary studies to test 
the influence of genetic factors were carried 
out in 27 young siblings of three large fami- 
lies. The reliability of the methods employed 
was examined critically and simple procedures 
were shown to suffice when the periods of 
study extended as long as 6 weeks. 

Linear elongation of the nails was most 
rapid in the first and second decades of life. 
Growth decreased steadily and to a highly 
significant extent thereafter. 

The rate of linear growth of nails was not 
significantly related to thickness of the nail; 
length of the nail plate; bodily height or 
weight; nutritional status as assessed in terms 
of thickness of skinfolds; rate of growth of 
the secondary sex characters, axillary hair and 
beard; degree of development of axillary hair; 
and the incidence or severity of acne and 
baldness. 

The decline with aging in proliferative rates 
of the nail matrix, a structure which does not 
seem to differentiate further with aging, is 
evidence against the widely held theory that 
aging is the consequence of differentiation be- 
cause differentiation reduces proliferative ca- 
pacities. The present studies are interpreted 
as evidence that a central feature of many 
aging processes may be a decrease in the ca- 
pacity of replication of cell constituents in- 
cluding function, replacement and growth of 
cells. 

The thickness of the nail increased rapidly 
in the first two decades, more slowly there- 
after. The increase in thickness with aging 
counterbalanced the decline in linear growth 
so that the volume of nail grown per day 
changed but little with aging. 

Hereditary factors exert statistically signifi- 
cant influences upon rate of nail growth. Both 
male and female siblings tend to conform to 
the rate of nail growth characteristic of their 
family. This is in keeping with the finding 
that rate of nail growth was more similar in 
identical twins than in unrelated subjects of 
the same age. 
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BLOOD PRESSURE AND HEART SIZE IN AGING RATS* 
BENJAMIN N. BERG, M.D., AND CHARLES R. HARMISON, Ph.D. 


(From the Department of Pathology, College of Physicians and Surgeons 
Columbia University, New York, New York) 


AS PART of a long-term program on senes- 
cence in rats blood pressures were de- 
termined in animals of various ages. The 
findings are reported in the present paper and 
are considered in relation to heart size. 


MATERIAL AND METHODS 


Two hundred and twenty Sprague-Dawley 
rats of both sexes, 138 males and 82 females, 
were used. The animals were raised in air- 
conditioned quarters with constant tempera- 
ture, light and humidity. Pulmonary infection 
had been practically eliminated from the 
colony. The diet consisted of Rockland “D 
free” pellets. Growth curves were close to 
optimum standards reported by Zucker and 
coworkers (5) and reached peaks at 528 days 
in males and at 583 days in females (table 1). 
Subsequently, cessation of growth and loss of 
weight occurred when disease set in. Com- 
plete autopsies were performed upon all rats 
and the tissues were examined histologically. 
Weights of the heart and other organs were 
recorded. 

Systolic blood pressure was determined in- 
directly in the unanesthetized rat by means 
of a photoelectric tensometer (4) which meas- 
ured volume changes in the hind leg. Animals 
in younger age groups were in better con- 
dition than older ones but observations on 
the latter were made before hind leg weak- 
ness or paralysis developed (3). They were 
trained to become accustomed to the con- 
finement of a holder and readings were made 
after experimental conditions were stabilized. 
The mean of 3 to 10 satisfactory consecutive 
readings was recorded as the systolic pressure 
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and studies were usually repeated on suc- 
cessive days. Observations included a single 
series of determinations in rats of different 
ages and several readings at various intervals 
(68 days to 144 days) in the same animal. 
The total number of readings in all rats was 
328. Readings were made by 3 different tech- 
nicians with good correlation of values among 
them. Accuracy of a single determination 
checked simultaneously by 2 observers varied 
from 2 mm. to 10 mm. _ Electrocardiograms 
were made in 144 animals and the findings 
are reported in a separate paper (2). 


RESULTS 


Blood pressure determinations arranged ac- 
cording to age, sex, and body weight are 
given in table 1. Except for a single instance 
readings in rats under 600 days old were 
below 141 mm. (fig. 1). On this basis the 
upper limit of normotensive pressure was 
fixed at 140 mm. Normotensive levels did not 
change with advancing age (table 1). Fre- 
quency distribution curves of normotensive 
values with means close to 120 mm. were 
similar in animals under and over 600 days 
old (fig. 2). Considering the relatively small 
numbers involved, they fit fairly well into 
normal curves. Mean values for male rats 
ranged from 116 mm. to 128 mm. At corre- 
sponding ages readings were lower in females 
and ranged between 114 mm. and 120 mm. 
Magnitude of standard deviation reflected 
both the degree of physiologic variability and 
technical error inherent in the experimental 
conditions. 

Hypertension was present in 31 per cent 
of males 677 days old and over, and in 19 
per cent of females at similar ages (table 1). 
Mean hypertensive values were about the 
same in both sexes. Incidence of hyperten- 
sion increased progressively with advancing 
age except in the oldest male rats. Highest 
frequency was in males at 850 days (46 per 
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*Standard deviation. 
tHypertensive rats over 600 days old. 
Figures in parentheses indicate number of rats used for calculation of the respective mean values. 
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Fig. 1. Scattergram of blood pressures. Fig. 2. Frequency distribution curves of normo- 
tensive blood pressures and incidence of hypertension. 
TABLE 1. AGE AND BLoop PRESSURE IN RATs. 
Blood Pressure (Mm. Hg) 
No. of — 
Blood Mean | Mean Body | 
Pressure Age of Wt. Normotensive (under 141 Mm.) | Hypertensive (141 Mm. and over) 
Determi- Rats (Gm.) 4 
nations (Days) | | 
| | Incidence 
No Mean No. Mean Percentage 
Males 
| | 
18 219 «| = 383 | 18 | 122+ 10.6* 0 
36 528 479(32) 35 120+ 7.0 1 144 
36 582 470(21) 36 121+ 9.3 0 
18 677 458 14 128+ 9.1 4 145 22 
24 762 423 18 125+ 9.9 6 156 25 
37 850 392(35) 20 125+ 9.7 17 160 46 
34 937 331(32) 26 116 + 11.2 8 159 24 
203 35t 157 + 13.6 31 
Females 
| | | 
9 338 - 1144+ 9.4 | o | 
17 442 | 250(14) 17 15+ 8.5 4 
10 583 | 274 10 110+ 5§.1 0 
30 633 264 | 118+ 7.7 1 | 161 
23 747 263(19) 20 120+ 9.1 3 149 13 
12 869 | 241(9) 8 118+ 6.8 4 155 33 
24 1022 220(21) 15 114+ 15.2 9 154 38 
125 17t 154 + 11.3 19 
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TABLE 2, HEART WEIGHT AND BLoop PRESSURE. 
| | | 
Mean 
No. of Mean Age _ | Mean Blood Pressure | Mean Body Mean Heart Wt. | Heart Wt, 
Rats (Days) (Mm. Hg) Wt. (Gm.) (Gm.) Body Wt. 
Percentage 
Males 
| | | 
18 219 122+ 10.6" | 383 1.12 + .08 29 + .01 
24 557 | 119+ 7.6 485 | 1.54 + .18 .32 + .05 
ag aliens | m9t120 | 358 | 160+ .30 45+ .10 
23t | -~ 1 wees | 363 | «1.64 + .26 47+ 12 
Females 
‘ : : 
24 | 501 113+ 7.6 260 1.08 + .12 40 + .05 
17 pe 112 + 13.5 229 1.20 + .26 52 + .09 
4 cssiaee i64+169 | 220 | 132+ .3! | 60 + .09 
| 


*Standard deviation. 
tHypertensive rats. 


cent) and in females at 1022 days (38 per 
cent). Distribution of hypertensive values is 
shown in figures 1 and 2. 


Data on heart size in relation to age and 
blood pressure (table 2) revealed no sig- 
nificant difference between actual cardiac 
weights in normotensive and hypertensive 
males at 903 days compared with weights 
at 557 days; the same was true of females 
at 990 days and 501 days. However, relative 
to body weight, heart size did increase in 
older animals of both sexes. The ratio 

body weight 

heart weight 
0.45 per cent in normotensive males and from 
0.40 per cent to 0.52 per cent in normotensive 
females. The higher percentages in females 
as compared with males were statistically sig- 
nificant. In male hypertensives the ratio re- 
mained essentially the same, but in females 
it increased from 0.52 per cent to 0.60 per cent, 
a statistically significant increment. Decreas- 
ing body weights in older animals led to 
higher ratios. Due to disease there was more 
variability in senescent rats and this was re- 


rose from 0.32 per cent to 


Dif- 
heart 


flected by greater standard deviations. 

ferences between means of actual 

heart weight 
: ratios were statis- 

body weight 

tically significant at the 3 per cent level. 


weights, and 


DISCUSSION 


The incidence of hypertension herein re- 
ported is probably lower than the actual 
frequency because of the limited number of 
observations and spontaneous fluctuations in 
blood pressure which are characteristic of 
the hypertensive state. In some rats only a 
single series of readings was made and in 
others determinations were made at relatively 
long intervals. 

Certain conditions (1) that develop in 
aging rats are possible factors responsible for 
higher levels of blood pressure. Renal dis- 
ease in the form of chronic nephrosis and 
glomerulonephritis is the most probable cause 
(although the same degree of renal pathology 
is found in normotensive as well as in hyper- 
tensive animals). All of the hypertensive rats 
had diseased kidneys except 2 females. Le- 
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sions appear earlier and are more severe in 
males than in females. In 13 male rats ex- 
amined at 521 days the kidneys of 10 showed 
early changes. Moderate to marked altera- 
tions were present in all of the males be- 
longing to the 850 day and 937 day old 
groups. In contrast, only 1 out of 10 females 
583 days ola had an early renal lesion, At 
869 days and at 1022 days the kidneys of 
more than half of the 82 female rats were 
normal or showed minimal abnormalities. The 
remainder had moderately severe renal dis- 
ease. Both incidence of renal disease and 
hypertension increase with advancing age. 

Another common condition to be considered 
with respect to hypertension is periarteritis. 
However, the lesions occur chiefly in the pan- 
creatic and mesenteric vessels and the renal 
arteries are rarely involved. A considerable 
number of spontaneous tumors develop in 
the strain of rat used for this study and among 
them are 2 neoplasms sometimes associated 
with hypertension, viz., pheochromocytoma of 
the adrenal medulla and adenoma of the an- 
terior pituitary. At present nothing is known 
about the functional activity of these tumors 
in the rat. 

In addition to hypertension, changes in the 
myocardium and aorta may also contribute 
to cardiac enlargement, particularly left ven- 
tricular dilatation and hypertrophy. In senes- 
cent rats degeneration and fibrosis are seen 
frequently in the heart muscle. Alterations in 
the aorta consist of widening of the lumen, 
thickening and inelasticity of the wall, and 
in many instances dilatation of the arch to 
aneurysmal size. Arteriosclerosis and medial 
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alcification of the arterial system are found 
to a slight or moderate degree in less than 
1 per cent of these animals. Hence, in this 
species there can be no possibility that the 
hypertension is related to arteriosclerosis, 


SUMMARY 


Normotensive levels of blood pressure in 
aging rats were essentially the same as in 
younger animals and were slightly higher in 
males than in females. Incidence of hyperten- 
sion was greater in males than in females and 
increased with advancing age. The same was 
true of renal disease which was the most 
probable cause for the hypertension. 

Heart weight in relation to body weight 
increased with advancing age and the ratios 
at different ages were higher in females than 
in males, Heart size was greater in hyper- 
tensive than in normotensive females but not 
in males. 
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THE ELECTROCARDIOGRAM IN AGING RATS* 


BENJAMIN N. 


BERG, M.D. 


(From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University, New York, New York) 


N A PREVIOUS paper (2) the blood pressure 
I and heart size in aging rats were reported. 
The present study deals with the electro- 
cardiographic findings in these animals. 


MATERIAL AND METHODS 


Electrocardiograms were obtained in 144 
rats, 97 males and 47 females. Ages and 
weights are recorded in tables 1 and 2. Diet, 
growth, and laboratory conditions were de- 
scribed previously (2). 

After making preliminary blood pressure 
readings (2) the rat was put under light anes- 
thesia by injecting intraperitoneally a solution 
containing 3 mg. nembutal per 100 Gm. rat 
weight. With the animal on its back, the legs 
were tied to a board and ribbon type copper 
electrodes shaped to hold the paws snugly 
were applied for 3 limb lead recordings. 
These electrodes were soldered to 15 cm. long 
plastic covered #23 copper wires which were 
attached to alligator clamps connecting with 
the terminals of an electrocardiograph of the 
type described by Rappaport and Rappaport 
(4) for use in small animals. It was a photo- 
graphic string machine having an extremely 
taut string and amplifier, and a deflection 
speed of about 0.0015 second. Immediately 
after electrocardiography the rat was killed 
by the intraperitoneal injection of 50 mg. 
nembutal and a complete autopsy was per- 
formed. The heart and other organs were 
weighed. Tissues were fixed in Zenker’s fluid 
and sections were stained with hematoxylin 
and eosin. 
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RESULTS 


The electrocardiogram in the rat was es- 
sentially the same as in man except for certain 
features that were modified by the faster heart 
beat. At corresponding ages the rate was 
more rapid in the male than in the female 
(table 2). At 557 days the rate in males was 
376 while in females 583 days old the heart 
beat was 341. In all 3 leads the normal elec- 
trocardiogram (fig. 1) showed a positive P 
wave, a QRS complex represented by a pos- 
itive R wave or occasionally by R and § 
waves of about the same amplitude, and a 
positive T wave. Leau 1 had a very low 
amplitude or was isoelectric except for the 
QRS complex. Lead 2 had the greatest amp- 
litude and lead 3 was intermediate. Mean 
durations of the P-R, QRS and Q-T intervals 
were 0.05 sec., 0.01 sec., and 0.09 sec., respec- 
tively. Mean amplitude of R in lead 1 was 
2.2 mm. The S-T segment and the T wave 
could not be measured because the latter over- 
lapped the QRS complex and often came off 
the terminal portion of the R wave before it 
reached the isoelectric line. All measurements 
were practically the same in both sexes. 

With advancing age the following changes 
occurred in the electrocardiogram. The heart 
rate decreased in males from a maximum of 
376 to 310, and in females from an upper limit 
of 341 to 283 (table 2). There was no 
change in the P wave. The slower heart rate 
was reflected in lengthening of the P-R in- 
terval from 0.05 sec. to 0.06 sec. and 0.07 sec., 
and in prolongation of the QRS complex from 
0.01 sec. to 0.02 sec. and 0.03 sec. Mean 
amplitude of R in lead I was 3.4 mm. Satis- 
factory measurements of the Q-T interval were 
too few to be significant. 

Left axis deviation (fig. 2) occurred in 
nearly 60 per cent of all rats over 800 days 
old, the incidence being higher in females 
(72 per cent) than in males (56 per cent). 
Other abnormalities in the electrocardiogram 
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TaBLE 1. Heart WEIGHT AND Lert Axis DEVIATION. 
Mean 
Mean Heart Wt. Hypertension 
No. Mean Body Mean ——-——— No.| (141 Mm. Hg or | No.]| Left Axis 
of Age Wt. Heart Wt. Body Wt. Over) Deviation 
Rats (Days) (Gm.) (Gm.) Percentage Percentage Percentage 
Vas es- Males 
certain — 
T heart am | 29 | 383 | 4.12 + .08*| 29+ .01 0 | o 
te was m4 | ss7 | 485 |1.544.18| .32+ .05 0 | 0 
female 32 s49 | 389 «| 1.62+ 24} 42+ .10 16 | 16 
les was 23 | 950 | 351 1.66 + .32 48+ .12 4 | 15 
> heart | | =e ia 
11 elec- | 20t 36 | 31 56 
tive P 8 
a pos- Females 
and § B 
and a | | 
y fe 4 | 440 | 250 |1.114 .14] 424.05 | 0} 0 
—« 10 | 583 274 | 1.03+ .07| .38+ 02 | 0 | | 0 
9 889 243 1 1.27 + .31 53+ .11 zo 7 
, anip- 9 | 1085 215 |1.10+ .25} .51+ .10 6 | 6 
Mean ay ae 
‘ervals | | | | 8st! 44 | 13 72 
espec- | | | 
1 was = 
*Standard deviation. 
wave tHypertensive rats over 800 days old. 
 Over- 
ne off / : 
: TABLE 2. ELECTROCARDIOGRAM IN RaAtTs. 
ore it 
ments = l l 
| Heart Rate | P-R (Sec.) | QRS (Sec.) Q-T (Sec.) No. with 
anges No. | Mean | ; . Left Axis 
heart of | Age | | | Devia- 
1m. of Rats | (Days) | Mean Range | Mean | Range Mean | Range | Mean | Range tion 
limit | — , oa - deine dnetenatnaaneeabaigioniin 7 
iS no Males 
t rate os : : a ee ES nt TO Ae) ee pe es ee 
R in- | | | | | | | | | 
' $ec., 18 | 219 353 300-415 0.05 | 0.04-0.06 0.01 0.01-0.02 0.08 | 0.06-0.09 0 
from 24 | 557 376 300-480 0.05 0.05-0.06 0.01 0.01-0.02 0.09 0.08-0.10 0 
32 851 322 167-438 0.06 0.05-0.10 | 0.02 0.01-0.04 | 16 
Mean 23 | 951 | 310 | 230-430 | 0.07 0.06-0.10 | 0.03 | 0.01-0.04 | | 15 
Satis- | | | 
were 
Females 
d in 7 Ee a eS se at ge 8 or, ag ee re | | pie aie l 
days 17 442 324 | 252-420 0.05 0.04—-0.07 0. 0.01-0.02 0.09 0.08-0.12 0 
rales 10 583 341 258-420 0.05 0.05-0.06 0.01 0.01-0.02 0.09 0.08-0.10 0 
ont). 11 | 893 | 307 | 234410] 0.06 | 0.05-0.09 | 0.02 | 0.01-0.03 ag 
rram 9 1085 | 283 222-375 0.07 0.05-0.08 0.02 0.01-0.03 6 
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Fic. 1. Normal electrocardiogram. 
Female rat, 569 days old. 


observed occasionally were: sinus arrhythmia, 
sinus bradycardia, premature beats, partial a-v 
block, and right axis deviation. 

Since left axis deviation is usually produced 
by left ventricular hypertrophy and dilatation, 
the heart weights of rats at different ages were 
compared with reference to the electrical axis 
(table 1). The findings relative to blood 
pressure and heart size were essentially the 
same as those reported previously (2). In 
terms of actual heart weight there was no 
correspondence with left axis deviation. In 
males there was no significant difference in 
heart size, between rats 557 days old and rats 
over 800 days old, yet the electrical axis in 
the former was normal while it was shifted 
to the left in 56 per cent of older animals. 
Also, the electrocardiogram in half of the 
849 day old males showed left axis deviation 
though the heart weight in these animals (1.63 
Gm.) did not differ significantly from the 
heart weight of the other half (1.59 Gm.) 
with a normal electrical axis. In females too, 
actual heart size was essentially the same at 
different ages but left axis deviation existed 
only in those over 800 days old (72 per cent). 

In relation to body weight the heart was 
significantly larger in old rats as compared 
with younger ones (table 1). Hypertension 
was present in 36 per cent of males and in 
44 per cent of females over 800 days old. 
However, there was no parallelism between 
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Left axis deviation. 
rat, 915 days old. 
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elevated blood pressure, monet we - ratio, 
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and left axis deviation. 


DISCUSSION 


Inasmuch as the absolute weight of the 
heart did not increase significantly with ad- 
vancing age, left axis deviation cannot be at- 
tributed to actual cardiac enlargement. Rela- 
tive to body weight, however, heart size was 
greater in older animals, a higher ratio re- 
sulting from body weight loss due to disease 
(1). On the basis of malnutrition it is pos- 
sible that the position of the heart was altered 
so that rotation occurred with a concomitant 
shift of the electrical axis to the left. Slowing 
of the heart rate was also attributable to mal- 
nutrition. 


Left ventricular strain due to changes in 
the cardiovascular system of aging rats may 
also contribute to left axis deviation. Fre- 
quent findings in the hearts of senescent ani- 
mals, particularly in the left ventricle, were 
degeneration and fibrosis of the myocardium. 
In the aorta there was thickening and inelas- 
ticity of the wall, widening of the lumen and 
dilatation of the arch, often to aneurysmal 
proportions. It is of interest to note that in 
humans left axis deviation is the most common 


alteration in the electrocardiograms of later 
life (3). 
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SUMMARY 
The normal electrocardiogram in the adult 
rat is described. With aging the following 
changes occur: slowing of the heart rate, 
increase in duration of the P-R and QRS in- 
tervals, and left axis deviation. 
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ALTERATIONS IN 


DARK ADAPTATION 


AS A FUNCTION OF AGE? 


ROSS A. McFARLAND, Pu.D., AND M. BRUCE FISHER, Pu.D.t 


(From the Department of Industrial Hygiene, Harvard School of Public Health, Boston, Massachusetts) 


Everyone is familiar with the ability to 
see more clearly after varying periods of time 
in the darkness. This phenomenon is known 
as dark adaptation. Those who adapt very 
poorly almost always experience difficulty in 
seeing at night. Considerable variation ex- 
ists among individuals, however, and even 
within the same individual from time to 
time. Preexposure to light, the size and color 
of the test stimulus, and the retinal area 
stimulated are variables which influence this 
function. Night vision is impaired by many 
factors, such as vitamin A deficiency, long 
exposure to bright sunlight, oxygen want, and 
level of blood sugar. It is also well known 
that visual acuity decreases under low il- 
lumination. 

Dark adaptation proceeds in two stages. 
The first is very rapid and is over in a few 
minutes while the second begins after 6 or 8 
minutes and goes on for half an hour or more. 
There is sufficient evidence to believe that 
the rapid first adaptation represents the be- 
havior of the cones of the retina (color vision ) 
and the delayed or slower second stage of 
adaptation, the behavior of the rods (night 
vision ). 

Vision is considered to be dependent on 
the presence of certain light-sensitive pig- 
ments in the rods and cones. The pigment 
of the rods has been identified. It is called 
“visual purple” and is believed to be derived 
from vitamin A. The visual pigments when 
exposed to light go through a continuous 
cycle of destruction and regeneration. Visual 
purple is more rapidly destroyed by bright 
light than are the pigments of the cones. For 
this reason, the cones are more sensitive to 
light during the first few minutes after ex- 
posure to bright light. As the visual purple 
regenerates, the rods become more sensitive. 
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They can reach a sensitivity about 1,000 to 
10,000 times greater than that of the cones 
(5, 18). 

There are various physiologic factors which 
are known to influence one’s ability to see at 
night. In addition to a deficiency in vitamin 
A, low levels of blood sugar and reduced 
amounts of oxygen impair vision at low il 
lumination (9, 12, 13, 14). Carbon monoxide, 
alcohol, and other substances known to re- 
duce the amount of oxygen reaching the tis- 
sues have also been found to have an adverse 
influence (8, 10, 15, 16). Since it is believed 
that there are changes in cerebral circulation 
and the oxygen transport system with in- 
creasing age, it might be expected that one 
would find changes in dark adaptation in 
older people. It is the purpose of this paper 
to explore further the experimental evidence 
and the theoretic implications of this function 
in aging. 

In previous studies one of us has described 
the effects on differential brightness sensitiv- 
ity of 1) oxygen deprivation, 2) insulin hypo- 
glycemia, and 3) carbon monoxide (12-15), 
The effects of altitude, i.e., oxygen want, are 
shown in figure 1. Under conditions equiva- 
lent to an altitude of only 7,000 feet, the 
change in visual sensitivity was signifi- 
cant (7). 

The concentration of blood sugar is inti- 
mately related to the functioning of the cen- 
tral nervous system. This is true because glu- 
cose is practically the only substance which 
can be utilized as a fuel for its metabolism. If 
the supply is deficient, the oxidation processes 
are slowed, and the effect should be equivalent 
to that of a reduced supply of oxygen. The 
retina behaves very much like the central 
nervous system in regard to its metabolism. 
The effects on visual sensitivity were signifi- 
cant when the concentrations of blood sugar 
dropped following the injection of insulin to 
about 65 to 70 mg. and were comparable to 
those produced by low oxygen. Figure 2 il- 
lustrates these findings (13). In regard to 
carbon monoxide, even the small quantities 
which may result from the inhalation of 
three cigarettes were found to influence the 
dark adaptation function adversely (15). 
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ALTERATIONS IN DARK 


METHODS OF MEASUREMENT 


Some of the tests devised to measure night 
vision provide a simple estimate of the mini- 
mal perceptible intensity of light; others 
measure the minimum intensity of light re- 
quired to locate an object; still others re- 
quire not only location of the test object, but 
also discrimination of its form as well. In 
this study the Hecht-Schlaer adaptometer was 
used. This instrument, which measures mini- 
mum perceptible intensities of light, is the 
most reliable for determining an individual's 
capacity for dark adaptation (6). 

The measurements were carried out as fol- 
lows: Each subject was connected with the 
apparatus by a pair of goggles, which blocked 
off the left eye so that only the right eye was 
exposed to the bleaching light and to the 
stimuli which followed. The head was held 
in place with an adjustable chin-rest to as- 
sure the proper use of the artificial pupil (3 
mm. in size). A light of about 1,500 milli- 
lamberts was exposed for three minutes, This 
light was bright enough to involve both cone 
and rod adaptation separately and adequately 
and the exposure long enough to produce the 
main effect without boring the subject. Fol- 
lowing the initial threshold which was made 
immediately after the exposure of the bright 
light, additional thresholds were taken about 
every 2 minutes for 10 minutes and then ap- 
proximately every 3 minutes until the end of 
the session, i.e., for 30 minutes. The intensity 
of the stimulus was controlled by an optical 
wedge. The subject’s task was very simple 
and involved reporting whether or not he saw 
a flash of light. 

When the results are plotted, the various 
points on the dark adaptation curves repre- 
sent single measurements of light sensitivity 
(thresholds) in relation to the intensities a 
subject could just barely see as he remained 
in the dark. Time is plotted on the horizontal 
axis on an ordinary linear scale. The light 
sensitivity, however, is plotted on the vertical 
axis on a logarithmic scale in terms of mi- 
cromicrolamberts (6). On such a scale, 1 
means 10 units, 2 means 100 units, 3 means 
1,000 units, and so on. With a logarithmic 
scale, therefore, a large range of intensities 
can be easily plotted which would otherwise 
extend over enormous areas. Figures 1 and 
2 illustrate these points. 
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Fig. 2. The effect of low blood sugar on dark 
adaptation (open circles), and the recovery of sen- 
sitivity with glucose (triangles). (From McFarland 
and Forbes, 10). 


Experimental Subjects—In this study 201 
males between the ages of 20 and 60 years 
were tested by means of the Hecht-Shlaer 
adaptometer described above. All of the 
measurements were made by the same experi- 
menter (R.M.) and the tests were given in 
the morning at the same time and at similar 
intervals following meals. An artificial pupil 
was used to control the change in pupil size 
which is known to vary with age. 


RESULTS 


The results obtained on an initial group of 
188 subjects varying in age from 20 to 47 years 
are shown in table 1 (11). The mean curves 
for each age group have been plotted in fig- 
ure 3. 

It is interesting to note that the difference 
between the mean final log reading for Group 
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I (age 20-24 yrs.) and Group V (40-47 yrs.) is 
0.40 of a log unit. This represents an in- 
crease in the intensity of illumination required 
by the 40-47 year age group of about 150 
per cent. The changes with age are quite 
large in this function. For example, critical 
ratios between the means of 5 age groups 
were found to increase from 3.3 between the 
20-24 year and 25-29 vear age groups to 12.9 
between the 20-24 year and 40-47 year age 
groups. 











TABLE 1. NiGHT VISION IN RELATION TO AGE. 
Final Log Setting 
Mean S.D. 
oaianes Gana 

Group I (20-24 ee 12 | 2.75 | 0.06 
Group II (25-29 yrs.)..... | S55 2.82 | 0.08 
Group III (30-34 yrs.) . =| 71 2.87 0.09 
Group IV (35-39 yrs.) .. . a 26 3.02 | 0.09 
Group V (40-47 yrs.).....| 24 3.15 | 0.12 
es | onnewen 
Total Group... . <a 188 2.92 0.09 





The next step in the experiment was to 
extend the study to include more subjects in 
the lower and higher age ranges, especially 
below 24 and above 47. After the threshold 
determinations were made for these subjects 
a more elaborate statistical analysis was car- 
ried out on the data to determine 1) whether 
the differences in final level reached would 
increase in a still older age group, 2) whether 
the rate of adaptation was related to age, and 
3) whether the transition time from cone to 
rod vision is more protracted with increasing 
age. The results on the first two points are 
presented below. 

Figure 4 shows the dark adaptation curve 
for a typical subject. The type of curve shown 
is called inverse logarithmic, and is known 
as the die-away, or decay curve. It is the 
kind of curve that radio-active elements ex- 
hibit in losing their radioactivity. The gen- 
eral equation of the curve is y = 10** +C. 
For our purposes, this becomes L = 10**** +C 
where L is logwpnz L and t is measured in 
minutes. In these terms, C represents the 
final point of dark adaptation; our interest is 
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dark adaptation curves for five age groups. (From 


McFarland and associates, 11). 
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Fig. 5. Scatter diagram showing the relationship 
between age and final level of dark adaptation. 
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ALTERATIONS IN DARK 


also in something which can be related to b, 
which is concerned with rate. 

C is the value the curve is approaching, or 
dying away toward. In figure 4, C is 2.56. 
By the end of 30 minutes in the dark, the 
subject was still improving slightly, and the 
9.56 is computed to be his end-point, or the 
value he would eventually reach if he con- 
tinued in darkness for much longer time. 

This terminal value, C, was computed for 
each of the 201 subjects, using the standard 
graphic method as described by Davis (4). 
Figure 5 gives the resulting scatter plot, with 
C on the vertical axis and age along the hori- 
zontal. A striking relationship is shown be- 
tween the final level of adaptation and age. 
Seven subjects discovered to be deficient in 
vitamin A were excluded. The correlation 
between C and age for the 194 cases remain- 
ing was calculated to be 0.895, an unusually 
high correlation. The average final level of 
adaptation is related to age by the following 
equation: C = 2.615 +0.023 (Age —20). 
The average for 20 year olds is 2.615, and for 
every year above 20, the value increases by 
0.023. Thus in 13 years, C increases by 0.3. 
Three-tenths of a log unit corresponds to a 
multiple of 2, so for every increase of 13 years 
in age, intensity of illumination must be 
doubled to be just seen by the fully dark 
adapted eye. 

The question may now be raised of the rate 
at which the subjects adapted. Determining 
the rate of adaptation is difficult because read- 
ings during the period of transition from cone 
to rod vision may pertain to either system. 
The question of rate has hence been ap- 
proached through a consideration of how fast 
the adaptation curve drops toward the final 
threshold level. In this connection “Drop 
Time” is used as the measure with reference 
to figure 4, as follows: At the end of 30 min- 
utes, the subject, with a reading of 2.61, was 
0.05 above his computed terminal point, 2.56. 
He had reached a point 0.5 above the terminal 
value 12.7 minutes earlier. That is, during 
these 12.7 minutes his adaptation had _pro- 
gressed to a point which was only 1/10th as 
far above his terminal point. A short Drop 
Time thus means a fast rate of adaptation, be- 
cause the subject is more rapidly reducing his 
distance above his terminal point. 

Drop Times were computed for the 194 nor- 
mal subjects and the linear correlation with 
age was calculated at —0.137. However, both 
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older and younger subjects showed longer 
Drop Times than did those in the intermediate 
age range, and with this evidence of curviline- 
arity, the correlation calculated has little 
meaning. The average Drop Times by age 
groups are given in table 2. 





TABLE 2. MEAN Drop Time IN RELATION TO AGE. 
: : 
Mean Drop Time 
Age (Minutes) 
| 
50-59. 11.08 
40-49... 10.44 
30-39. . 10.69 
20-29 11.15 
DISCUSSION 


Similar results have been reported by 
Hecht and Mendelbaum (5), who used the 
same apparatus. In both this study and ours, 
the size of the pupil was controlled with a 
3-mm. pupillometer. The variation in dark 
adaptation with age, as measured by the final 
rod threshold attained, was also studied in a 
group of 758 English factory workers, ranging 
in age from 14 to 74 yrs. The marked differ- 
ences observed in maximum light thresholds 
in relation to age were attributed to the di- 
minished pupil size in the elderly subjects 
(17). In a study of 222 subjects ranging 
from 20 to 89 yrs of age, Birren (3) found 
significant reductions in pupil size with age 
in both light and dark conditions. 

Significant changes with age in the light 
threshold of the dark-adapted eye have been 
reported by Birren, Bick, and Fox (1) in 
130 subjects ranging from 18 to 83 years of 
age. The Hecht-Shlaer adaptometer was 
used, and the pupils of all subjects over 40 
years of age were dilated with a mydriatic. 
A significant decline in sensitivity of the dark- 
adapted eye was noted as age increased. This 
decline was most marked in subjects beyond 
the age of 60. 

Measurements of the rate and level of dark 
adaptation were made by Birren and Shock 
(2) on 91 subjects aged 40 to 83 years, using 
the same apparatus. Although no correlation 
was found between age and rate of dark 
adaptation, there was a significant decrease in 
the final level of adaptation in the older sub- 
jects. The results of this study were similar 
to those obtained by us for subjects of com- 
parable age. 
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According to concepts presented here, the 
underlying basis of the physiologic changes 
in older subjects related to an interference of 
normal metabolic processes within individual 
nerve cells of the brain and retina. This in- 
terference may operate through a reduced rate 
of transference of essential substances to the 
metabolizing cells required for normal meta- 
bolic processes. Transference may be in- 
adequate because of reduced supply, reduced 
circulatory delivery, or slower diffusion. The 
amount of essential substances which reach 
the cells may be reduced because of greater 
distances over which diffusion must take place, 
reduced permeability, or the presence of inert 
substances through which nutrients diffuse 


with difficulty (7). 


SUMMARY 


The conclusions to be drawn from this 
study are as follows: 

1. There is a consistent decline in ability 
to see at low levels of illumination with in- 
creasing age under the conditions of this ex- 
periment. 

2. The final level of dark adaptation is 
clearly a function of age. The linear correla- 
tion between age and final threshold level is 
actually so high it may be used to “predict” 
age within narrow limits of error (r = 0.89). 
Rate of adaptation may have a curvilinear re- 
lationship to age since it is slower both for 
younger and older ages than for the inter- 
mediate range. 

3. The limitation in ability for dark adapta- 
tion is quite marked in older subjects and is 
believed to be related to certain basic physi- 
ologic functions in the nerve cells of the 
brain and retina. 

4. These findings are of practical signifi- 
cance in helping to explain the difficulties ex- 
perienced by subjects over 55 to 60 years of 
age in driving or flying at night. Serious ques- 
tions of safety may be raised if the amount of 
available light is further reduced for older 
persons through the use of tinted windshields 
or colored glasses. 
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AGE DIFFERENCES IN FINGER, JAW, AND FOOT REACTION 
TIME TO AUDITORY STIMULI* 


JAMES E. BIRREN, Pu.D., AND JACK BOTWINICK, Px.D. 


(From the Section on Agingt, National Institute of Mental Health, Bethesda, Maryland) 


Simple reactions of humans slow with ad- 
vancing age (1, 3, 4, 7, 9, 11, 15). There 
is little evidence, however, which suggests 
where the delay in response latency occurs. 
Because slowing of responses is such a gen- 
eral characteristic of aging it seems most de- 
sirable to attempt to define and localize the 
processes involved. If age changes in the 
peripheral pathways were primarily involved 
then it would be expected that the reaction 
time of the foot with its long pathways would 
be disproportionately slow compared, e.g., 
with the finger or jaw. If in contrast, the 
delay were of a constant size for all three 
reactions then another explanation would have 
to be sought to account for the delay. The 
third possible result would be that age dif- 
ferences were found between the finger, jaw, 
and foot which were variable but independert 
of path length. 


METHODS 

Simple auditory reaction time was measured 
using a 1000 cycle tone as a stimulus presented 
through ear phones (12). Each stimulus was 
0.20 sec. duration and was preceded by a 
visual warning or ready signal. The interval 
between the ready signal and the stimulus 
was randomized between 1 and 6 seconds. 
Interval timers were used to control the ready 
light, delay interval, and stimulus duration. 
Instruction trials were given using the separ- 
ate reaction keys for the finger, jaw, and 
foot. Micro-switches were used as response 
keys and minimum movement broke the 
chronoscope circuit. The chronoscope was 
driven with a synchronous motor and was 
read to 0.01 sec. 

Each subject had a total of 150 responses 
distributed as 25 each for the following order: 
finger, foot, jaw, foot, jaw, and finger. For 
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each subject a median reaction time was de- 
termined for finger, jaw, and foot reaction 
times. The respective split-half reliabilities 
were 0.92, 0.96, and 0.94, N’s = 45, 44, and 
45. The median value rather than the arith- 
metic mean was used as the measure of cen- 
tral tendency because of the skewing which 
occurs in the distribution of individual mea- 
surements. 

All subjects were white male. There were 
32 young subjects between the ages of 15 
and 36 years, and 32 elderly subjects between 
the ages of 61 and 91 years. The latter group 
consisted of 18 subjects who were full time 
employees of the Public Health Service, 9 
subjects who were retired independent mem- 
bers of the community, and 5 subjects who 
were residents of a religious home for the 
aged. The young subjects consisted of 24 
who were full time employees of the Pub- 
lic Health Service and 8 who were religious 
research volunteers. 


RESULTS 


The elderly subjects were significantly 
slower than the young subjects for the finger, 
foot, and jaw reaction times (table 1). The 
age differences were 27, 21, and 29 per cent, 
respectively, for finger, jaw, and foot. 

In contrast to the statistically significant age 
differences in reaction time, no difference was 
found between the young and elderly which 
increased with the length of the path of the 
peripheral nervous system. Thus, for ex- 
ample, when the two age groups were com- 
pared for the difference in finger and foot 
reaction time, there was only a slightly larger 
difference for the elderly group, which would 
be in the direction of the hypothesis that 
greater time is required in peripheral conduc- 
tion. The difference, however, was not statis- 
tically significant (table 1). 

The results indicate that the increment in 
reaction time for the elderly group is a con- 
stant. With the present methods, the constant 
increment in reaction time with advancing age 
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TABLE 1. SrmpLE Aupirory REACTION TIME OF THE FINGER, JAW, AND Foot In YOUNG AND ELDERLY SUBJECTs, 
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A 
Finger 


B c 


Jaw 








Young Mean* 
19-36 years 


N = 32 o 


. 182 


.033 


Elderly Mean* 
61-91 years 


N = 32 o 


. 232 


-049 


Elderly 
— Young 


Difference .050 


t 4.63 





p <.01 








| 
} 


<.01 |<. | 
li 


.194 


.039 .019 


. 254 —.022 


| 
055 ; .060 || .041 .032 044 


.060 .010 .002 .008 








4.96 ‘3 .28 .79 
not not 


signif. siznif. 





not 
signif. 





*Mean of the individual median measurements, in seconds. 


seems to hold both on a relative and on an 
absolute basis (fig. 1). 


DISCUSSION 


There were three possible results obtainable 
in this study: (a) that the age differences 
between the three forms of reaction would 
be of the same magnitude, (b) that the age 
differences would be a variable associated 
with the length of the peripheral path, and 
(c) that the differences would be a variable 
but independent of path length. The first 
result was obtained. There remains the issue 
whether the increment in reaction time with 
age is associated with an age change within 
the nervous system or in some peripheral fac- 
tor common to all types of response, e.g., the 
myoneural junction, muscle contraction, or 
movement of bone joints. 

There is evidence that excitability does not 
change with age (5) but this of course does 
not describe the time course of the response 
which is pertinent here. Delays associated 
with the motor synapse and neuromuscular 
junction are about 1 msec. which is very short 
in the present context (6). Thus, if these 
values would change by twofold with ad- 
vanced age their total contribution to a re- 
action, such as moving a finger, would still 
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Fig. 1. Age differences in finger, jaw, and foot 
reaction time to auditory stimuli. The heights of the 
vertical bars represent the mean reaction time of the 
two age groups: young 19-36 years, and elderly 61-91 
years. In each instance the age difference in mean 
reaction time is statistically significant, whereas the 
differences between the type of response, finger, jaw, 
and foot are not significant. 
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be small (see also 10, 13, 14). The age dif- 
ferences in reaction time in the present study 
were 50 to 60 msec. 

There is little evidence about age changes 
in reflexes and muscle contraction. Kumnick 
has presented evidence that pupillary con- 
traction is slower in advanced age groups but 
the time changes are small compared with 
the reaction time results (8). In response to 
light stimulation the mean pupil constriction 
rate for subjects over the age of 70 years 
was about 15 mm. per sec.; for subjects in 
the age range 18 to 28 years, the mean con- 
striction rate was about 19 mm. per sec. 
There seemed to be no age difference in 
latency of the pupil constriction although this 
was not evaluated quantitatively. Maximum 
velocity of constriction was reached about 
0.04 sec. in the young subjects and 0.05 sec. in 
the older subjects. 

In addition to the fact that age changes in 
the neuromuscular processes are likely to be 
small relative to a voluntary reaction time, 
there is the issue that in the present study 
the movements of the finger, jaw, and foot 
required to effect a response were small. The 
response keys were such that the initial move- 
ment broke the chronoscope circuit so only 
a small portion of the total movement was 
necessary to effect the response, i.e., about 1 
to 2mm. It is to be noted that the reaction 
time of the jaw was longer than the reaction 
time of the finger. This finding is contrary 
to what might be expected because of the 
shorter conduction pathway for the jaw. This 
result may be explained in large part by the 
fact that the different modes of response in- 
volved microswitches with different mechan- 
ical arrangements. Slight differences in throw 
distances between response keys can con- 
tribute to the time measurements. While such 
factors influence the direct comparison of re- 
action times between modes of response, it 
has little relevance to a comparison of the 
age groups since the factors would be the 
same for both groups. The present study is 
primarily concerned with explaining the in- 
crease with age in reaction time. Within the 
limitations of existing information, it seems 
most plausible to regard the slowing of re- 
action time, with advanced age as primarily 
a phenomenon of the central nervous sys- 


tem (2). 


AGE AND HUMAN REACTION TIME 





SUMMARY 


1. Simple auditory reaction time was meas- 
ured for the finger, jaw, and foot in young 
and elderly subjects. The purpose was to 
determine if the elderly subjects show a dis- 
proportionate slowing of foot responses com- 
pared with the finger and jaw as a test of the 
hypothesis that the slowing of reaction time 
with advancing age is correlated with path 
length of the peripheral nerves. 

2. A 1000 cycle tone presented with ear 
phones was used as the stimulus. Each stimu- 
lus was preceded by a visual ready signal 
with a random delay of 1 to 6 sec. (inter- 
polated between the ready signal and the 
stimulus.) A simple movement of the foot, 
finger, or jaw operated the appropriate key. 
Each subject gave a total of 150 individual 
responses, in the order of 25 each for finger, 
foot, jaw, foot, jaw, finger. For each sub- 
ject a median reaction time was computed 
for finger, foot, and jaw. The corresponding 
standard errors of measurement for fifty trials 
were, 0.016, 0.012, and 0.015 seconds. 

3. The reaction time of the elderly subjects 
was significantly slower than the young sub- 
jects but there was no relation to the length 
of the peripheral nerve path involved. The 
mean reaction times for the finger, jaw, and 
foot respectively for the young subjects (N = 
32) were 0.182, 0.194, and 0.202. The cor- 
responding values for the elderly subjects 
(N = 32) were 0.232, 0.254, and 0.260. Since 
the age differences between the reaction time 
means did not significantly increase for the 
foot as compared with the finger and jaw, it 
may be concluded that the age change in 
reaction time is not a variable associated with 
the length of the peripheral path. An ex- 
amination of the present evidence suggests 
that it is plausible to regard the age changes 
in response latency as a property of the central 
nervous system. 
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SPEED OF RESPONSE AS A FUNCTION OF PERCEPTUAL DIFFICULTY AND AGE* 


JAMES E. BIRREN, Px.D., AND JACK BOTWINICK, Pu.D. 
(From the Section on Aging,+ National Institute of Mental Health, Bethesda, Maryland) 


It has been pointed out that a possible 
factor in the slow responses of elderly indi- 
viduals is perceptual difficulty (1, 2). Thus 
the hypothesis may be formulated that a large 
part of the increased response time with age 
lies in difficulty in perceiving the stimulus (8). 
A test of this hypothesis requires that the age 
differences in response time should be studied 
as a function of experimentally varied per- 
ceptual difficulty (6). Previous studies have 
reported results of response time in relation 
to difficulty using young adults as subjects. 
Henmon (5) described the use of judgments 
of differences in two line lengths; the subject 
was required to say which of two lines was 
the shortest, the right or left of a simultane- 
ously present pair which were varied in the 
amount of difference in line length. As the 
differences between the lines become smaller, 
the response time becomes progressively 
longer. This method seems ideally suited to 
the present problem. If aged individuals have 
a perceptual deficit compared with young 
persons, then as the stimulus judgments be- 
come easier, the aged should become rela- 
tively faster in their response times. If in 
contrast the deficit is not a perceptual factor, 
then there would be a constant age difference 
between the response time to large and small 
difference in line lengths. 


METHODS 


Procedure: Forty eight cards, each with 
two vertical lines of unequal length were pre- 
sented tachistoscopically, one card at a time. 
Viewing of the cards was binocular at a dis- 
tance of two feet. The exposed area was ap- 
proximately 734 in. wide and 7% in. high. 
The stimulus lines were vertical and were 
black on a white background. Each card had 
a standard line 15 mm. wide and 80 mm. long, 
and a variable line 15 mm. wide and shorter 
than the standard by 1, 2, 3, 4, 5, 7, 10, 15, 20, 
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30, 40, or 50 per cent. The difference between 
the standard line and the variable line was 
distributed equally at both ends of the 
shorter line, i.e., there was not a common base 
for the two lines. The lines were separated 
by 30 mm. horizontal distance. The 12 dif- 
ferences in line length were presented both 
on the right and left sides. Each difference 
was judged at least twice on the right and 
twice on the left side, position responses were 
thus equated. 

Between judgments the subject viewed a 
cross with 25 mm. arms in the geometric 
center of the field. At 2.5 sec. prior to the 
stimulus, a warning buzzer was sounded for 
0.5 sec., to fix the subject’s attention upon the 
field. The subject was required to respond as 
quickly as he could when the stimulus lines 
were presented by saying “right” or “left” to 
indicate the side of the shorter line. The vocal 
response operated a voice key which inter- 
rupted the chronoscope circuit. The response 
latency of the subject was measured to the 
nearest 0.01 sec. The stimulus cards were 
presented for sufficient time to permit the sub- 
jects to make a judgment and to verbalize a 
response; the stimulus was never longer than 
2 sec. 

Each of the 12 differences in line lengths 
were judged at least 4 times. A median re- 
sponse time of the individual subject was de- 
rived for each of the 12 differences. The 
stability or reliability of the individual re- 
sponse measurements is illustrated by the cor- 
relation between the medians for the 40 and 
50 per cent difference. The correlation for 
30 young subjects was 0.75, and the correla- 
tion was 0.80 for 43 elderly subjects. 

Subjects: The subjects in this study were 
30 young individuals aged 19 to 36 years and 
43 elderly subjects aged 61 to 91 years. All 
subjects were male, white, and selected to 
represent a healthy non-hospitalized popula- 
tion. The ages of the elderly subjects were 
distributed as follows: 27, 60 to 69 years; 9, 
70 to 79; 6, 80 to 89 years, and one subject 
aged 91. Of these subjects, 29 were employed 
full time, 9 were retired and lived in the com- 
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munity, and 5 were housed in a religious home 
for the aged. Of the 30 young subjects, 26 
were employed full time, and 4 were religious 
research volunteers. 


RESULTS 


Response time declined as a function of the 
difference in line lengths. This relation was 
apparent in both the young and elderly sub- 
jects (fig. 1). In general, there was an asymp- 
totic value for the response time which was 
approached at about a 15 per cent difference 
in line lengths. For differences in line lengths 
greater than 15 per cent, it seems that varia- 
tions in the stimulus has little effect upon the 
age difference in response time. 

If the difference in line lengths is progres- 
sively made smaller than a 15 per cent dif- 
ference, then the elderly group becomes re- 
latively slower compared with the young 
group. This result was tested for statistical 
significance by taking the difference between 
the 1 and 50 per cent stimulus response times 
for each subject; the mean difference was 
significantly greater for the elderly group, 
p<0.01. The mean difference in response 
time was 0.47 sec. for the 1 per cent differ- 
ences in line lengths and was 0.18 sec. for the 
50 per cent difference in line lengths. The 
systematic change in the differences of re- 
sponse time between the two age groups is 
seen in figure 2. For all stimuli the age dif- 
ference in response time was significantly dif- 
ferent (table 1). 
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Fig. 1. Speed of response as a function of per- 
ceptual difficulty. The ordinate represents the vocal 
response time in judging line pairs. The abscissa rep- 
resents the percentage difference in the two line 
lengths being judged as to which was the shorter, 
“right” or “left.” The line graph connects the suc- 
cessive mean values for the two age groups. 





DISCUSSION 


One of the most general behavioral charac- 
teristics of aging is slowing of responses. The 
importance of this now well established ob- 
servation is enhanced by the fact that patients 
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with senile dementia show a much greater 
slowing of responses than control subjects of 
the same age (3). An important problem is, 
therefore, the localization of the slowing, both 
anatomically and functionally. In this context 
the task is to use the present results in an 
attempt to demarcate the change within some 
narrower functional limits than previously pos- 
sible. That is, the task is to specify where in 
the total processes beginning with the stimulus 
and ending with an appropriate response does 
the increment in time with advancing age 
occur. 

Age changes in visual and auditory acuity 
would seem to limit the intensity of stimula- 
tion and thus contribute the greater response 
time of the elderly. The present results show 
that as the stimulus is made difficult, i.e., the 
differences in line lengths is made small, that 
the elderly are relatively slower than young 
subjects. This factor is not the only influence 
upon the response time for it was also demon- 
strated that as the difference was made suf- 
ficiently large, the response time approached 
a minimum value. At this minimum level 
there was a residual difference between the 
response time of the young and elderly which 
was statistically significant. A previous study 
showed that the slowing was not limited to a 


particular mode of response, i.e., finger, foot, 
or jaw (4). There is thus no evidence which 
would prompt the idea that the elderly are 
uniquely slow in vocalization. It is more 
parsimonious in view of the evidence to re- 
gard the slowness in vocalized responses as 
part of a general slowing yet not specifically 
defined in site and nature (7). 

There is evidence that for word associations 
the elderly produce written responses at a rate 
which is lower than that expected from their 
rate of copying words. “... the lower fluency 
of the elderly does not seem to be the result 
of simple inability to write quickly enough, 
since the elderly wrote fewer words in pro- 
portion to their potential writing speed than 
did the younger subjects” (1, p. 243). There 
is thus further evidence for Welford’s con- 
tention that the deficit lies in organizing the 
information in the stimulus and relating it to 
relevant material from experience (9). 

Further research is necessary to define the 
precise nature of age change in the relation 
of the stimulus to the response and to trans- 
late the functional information into the an- 
atomic, physiologic, and experiential basis. 


SUMMARY 
1. The purpose of this study was to de- 
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termine to what extent perceptual difficulty 
might be a variable in age changes in re- 
sponse time. 

2. Young and elderly subjects were re- 
quired to judge which of two simultaneously 
presented lines was the shorter. The lines 
were presented tachistoscopically. Each sub- 
ject made a minimum of 48 judgments in a 
series of line pairs which differed in length 
from 1 to 50 per cent. The subject was re- 
quired to respond as quickly as he could when 
the stimulus lines were presented by saying 
“right” or “left” to indicate the side of the 
shorter line. The vocal response of the sub- 
ject operated a voice key which interrupted 
a chronoscope circuit. The response time 
was measured to the nearest 0.01 sec. 

3. The subjects where healthy males: The 
young group consisted of 30 individuals be- 
tween the ages of 19 and 36 years; the elderly 
group consisted of 43 subjects between the 
ages of 61 and 91 years. 

4. A significant difference in response time 
between the two age groups was found at all 
levels of stimulus difficulty. The response 
time of the elderly was relatively slower, how- 
ever, when the stimulus difficulty was in- 
creased. Thus, the difference in response 
time between the young and elderly was 0.47 
sec. for a 1 per cent difference in line lengths, 
and was 0.18 sec. at a 50 per cent line length 
difference. 

5. It is apparent that perceptual difficulty 
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can contribute to the slower response time of 
elderly subjects. However, there is a residual 
age difference in response time which exists 
regardless of ease of the perceptual task in- 
volved. 
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AGE DIFFERENCES IN STARTLE REACTION TIME OF THE RAT 
TO NOISE AND ELECTRIC SHOCK* 


JAMES E. BIRREN, Pu.D. 
(From the Section on Aging,+ National Institute of Mental Health, Bethesda, Maryland) 


Numerous studies have reported slowing of 
responses with advancing age in humans but 
there has been little attempt to isolate the 
problem or to find out to what extent animals 
display the same phenomenon. An important 
exception is the study of Brody who used re- 
action time in connection with his observations 
of the effects of hypophysectomy, thyroidec- 
tomy, and thyroxin injection in rats (3). The 
experimental endocrine variables had little 
effect on reaction time in contrast to a doub- 
ling of reaction time in the oldest control 
animals. 

The purpose of this study is to verify the 
original observation of Brody for reaction time 
of the rat to electric shock and to study re- 
action time to a stimulus, noise, which would 
be free from local effects which might ac- 
company electric shock. 


METHODS 


Cage: The reaction cage was clear plastic, 
ll by 11 by 6% in. The cage permitted 
freedom of movement for the rat and easy 
observation. After the placement in the cage 
the rat would explore continuously for several 
minutes and then settle down. In early studies 
a small confining cage was used which had to 
be rejected because the rats were in con- 
tinuous movement to escape. The reaction 
cage was mounted in rubber on the 4 base 
corners, and the bottom center was flexibly 
coupled to a strain gauge. The movements 
of the animal were amplified and recorded. 
Sensitivity was adjusted so that respiratory 
movements were apparent in the records. 
Parallel copper tubes formed the floor of the 
cage for the rat; the tubes were so spaced as 
to permit droppings to fall through and not 
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short the shock stimuli. The rat was stimu- 


lated when at rest. 


Animals: The rats used in this study were 
albinos of the Sprague-Dawley strain. They 
were maintained in the same colony and were 
fed Purina Chow on an ad lib basis supple- 
mented twice weekly with lettuce greens and 
raw horse meat. All rats were used to 
handling. 

Noise stimulus: A “white noise,” 20 to 
20,000 cycles, was used as the auditory stimu- 
lus for the startle response. The stimulus was 
52 db. over the ambient noise level, and was 
0.10 sec. duration. 


Shock stimulus: The electric shock was a 
direct current applied to the animal's feet 
through the copper tubes forming the cage 
floor. The stimulating circuit was designed 
to yield a reading of the current flow during 
actual stimulation thus eliminating the neces- 
sity for controlling the changes in resistance 
of the contact of the rat’s feet with the copper 
tubing due to changes in moisture or grip. 


Response measurement: The response time 
was read directly from an electronic scaler 
which began sweeping at the initiation of the 
stimulus and which was stopped by a move- 
ment of the animal. The noise or the shock 
usually evoked a startle jerk and then a run- 
ning response. The initial movement was 
used in the time measurement. At least 7 
responses were recorded for each animal. The 
median was used as the measure of central 
tendency for the individual animal because 
of the skewing of the distributions. 

An estimate of the reliability of the reaction 
time measurement to shock was secured from 
an analysis of the data on 97 rats. The first 
6 measurements were divided into odd-even 
categories and a median of each was ob- 
tained. The correlation between the two 
split-half medians was 0.63, yielding an esti- 
mated r of 0.80 for the median based upon 
7 measurements, the minimum number for an 
individual animal. 
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MILLIAMPERES time of the rat. The startle stimulus was a white 
Fig. 1. Reaction time of the rat as a function of noise of 52 db. The straight line graph connects the 


stimulating electric current applied to the feet. In- 
dividual measurements of reaction time are plotted 
for a young and an old rat. The curve connects 
median values for selected stimulus intensities. 


The reliability of the auditory reaction time 
was more difficult to determine since the ani- 
mal would frequently fail to respond to sev- 
eral stimuli in a series. It was regarded as a 
more appropriate test of reliability therefore 
to correlate repeated observations on a group 
of animals on two different days. A retest 
correlation was made for 55 rats tested be- 
tween 1 and 14 days apart. The obtained r 
was 0.62. 

RESULTS 

A significant slowing of reaction to shock 
stimuli was found in the oldest rats (table 1). 
The difference between the young adult and 
old rats amounted to about 29 per cent. There 
was no significant relation between reaction 
time and body weight or sex of the animals. 

The age difference is not due to a differ- 
ence in threshold to the shock stimulus since 
stimuli above about 0.6 ma. produce no further 
decrease in reaction time for young as well as 
old rats. The variability in reaction time 
changes with the stimulus intensity (fig. 1). 


mean reaction time of successive age groups; the ver- 
tical line represents plus and minus one standard devi- 
ation about the mean. The number of animals in 
the successive groups are: 15, 22, 7, 16, and 16. 


There was a significant correlation between 
age and reaction time to noise (fig. 2). The 
difference in reaction time between young 
adult rats and the oldest group was about a 
100 per cent increase. The correlation be- 
tween age and reaction time was 0.67, using 
a product moment correlation. If the cur- 


AGE DIFFERENCES IN REACTION TIME OF 
THE RAT TO ELECTRIC SHOCK. 


TABLE 1. 





A B C 
| | 
Age in Weeks. .| 4-9 |} 21-33 85-121 
Mean, Sec.....| .028 | .028 | .036 
Wee ocey seks | .0039 .0052 .0075 
"OD ne 0006 0009 002 


ee oes 45 33 13 


*Age group C is significantly different, P <.01, from 
groups A and B. 
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vilinearity is taken into account using the cor- 
relation ratio, y, the correlation between age 
and reaction time was 0.73. 

For both forms of reaction time the median 
was used to represent the central tendency of 
the measurements on an individual animal. 
This is particularly justified in the case of the 
reaction to sound when the animal frequently 
fails to respond or, because of his previous 
activity, shows a delayed or abortive startle 
response. The distributions may be typified 
as having a lower limit representing a physi- 
ologic minimum for response time. Factors 
contributing to the response time do not op- 
erate equally in positive and negative direc- 
tions from this lower limit, i.e., the Gaussian 
error distribution does not apply, and one does 
not obtain a normal distribution. 


DISCUSSION 


There seems to be a significant change in 
reaction time of the older rat for both auditory 
and shock stimuli. The slowing of response 
does not, therefore, seem to be limited to a 
specific sensory defect wherein the inability 
to perceive the stimulus with sufficient in- 
tensity is the primary limiting factor. In part, 
however, the somewhat greater slowing with 
age in reaction time to auditory stimuli com- 
pared with electric shock may be the result 
of reduced auditory acuity in some animals. 
There were older animals in the present study 
which failed to show any response to sound. 
They were not, of course, included in the 
present results since they were presumed to 
be deaf, e.g., they would climb over the loud 
speaker whether or not the noise was being 
presented whereas the normal rat would jump 
and run as soon as the noise was turned on. 
Since an appreciable number of older animals 
appeared to be deaf, the rat may prove to be 
a useful animal in which to study age changes 
in audition. 

There seems no reason to assume that the 
older rat would react more quickly if the sen- 
sory stimulation were increased. In the shock 
experiments, detailed studies of a limited 
number of animals showed that increasing the 
stimulation above 0.6 ma. produced no change 
in reaction time. The startle and avoidance 
behavior of the rat when exposed to the 52 
db. noise level was such as to suggest that the 
level of stimulation was near noxious or pain- 


ful; the rat would immediately turn its head 
and start running from the direction of the 
sound source. 

Since rats display the slowing of reaction 
time with advancing age, superficially re- 
sembling, at least, the change in humans, (1, 
2) it seems desirable to use the rat in attempts 
to localize the phenomenon with methods not 
possible with humans. 


SUMMARY 


1. Age changes in the startle reaction time 
of the rat to electric shock and noise were 
studied in 97 albino rats, Sprague-Dawley 
strain. 

2. The individual rat was tested by being 
placed in a plastic cage mounted in rubber to 
which was attached a strain gauge. The out- 
put of the strain gauge was amplified and 
recorded. Initiation of startle movements of 
the rat in response to electric shock or to noise 
were measured. The shock stimulus was a 
direct current of at least 6 ma.; the auditory 
stimulus was a 52 db. white noise. In both 
instances the stimulus duration was 0.10 sec. 
Only one form of reaction time was measured 
for an individual rat on any given day. A 
minimum of 7 measurements were made per 
animal; the median reaction time was taken 
as the measure of central tendency for the 
animal. 

3. Young adult rats of 11-21 weeks yielded 
a mean auditory reaction time of 0.027 sec. 
In contrast, rats between the ages of 105-119 
weeks had a mean reaction time of 0.056 sec. 
The correlation between auditory reaction 
time and age was 0.73(»). 

4. The age change in reaction time to elec- 
tric shock was also significant. The difference 
between rats aged 21-33 weeks and rats aged 
85-121 weeks was about 29 per cent; a sta- 
tistically significant difference. 

5. No relation was found between body 
weight, sex, and reaction time. The slowing 
of reaction time in the rat is not limited to a 
specific sensory defect since it was manifest 
in the present study in both shock and au- 
ditory reaction time. The slowing of reaction 
time with age in the rat appears to offer an 
opportunity for isolating the nature of the 
age change in the nervous system responsible 
for the slowing of responses, using experi- 
mental methods not appropriate in human 
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studies. Other species might be examined to 
ascertain to what extent the slowing of re- 
sponses with advancing age is a general char- 


acteristic of aging of the mammalian nervous 
system. 
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THE EFFECT OF AGE AND SEX 
ON 
THE DURATION OF HEXOBARBITAL ANESTHESIA IN RATS* 


E. STREICHER, Pu.D., AND J. GARBUS, B.A. 


(From the Section on Aging,+ National Institute of Mental Health, Bethesda, Maryland) 


The duration of hexobarbital anesthesia is 
a function both of the blood level of the drug 
and the sensitivity of the central nervous sys- 
tem to the barbiturate. In turn the blood level 
is related to liver detoxification rates, and the 
solubility of the agent in adipose tissue; and 
the sensitivity of the central nervous system 
may be modified by pathology. 

In rats, sex differences in “sleeping time” 
have been observed, and the disparity has 
been attributed to the action of the sex hor- 
mones on the rate of transformation of the 
biologically active material (11). It there- 
fore seemed possible that the duration of 
anesthesia would be an age-dependent vari- 
able because of temporal changes occurring 
both in the nervous system, as well as in the 
levels of circulating hormones (1, 7, 10). Be- 
side the investigation of these relationships, 
experiments were performed in which anes- 
thesia was prolonged by the administration 
of SKF 525A,t a drug which impairs liver 
detoxification (2, 4, 5, 6), and also chlorpro- 
mazine§ was administered. This drug in- 
creases the sensitivity of the brain to bar- 
biturates (3), possibly by retarding cere- 
bral activity or metabolism (8). It was an- 
ticipated that the use of these drugs to poten- 
tiate hexobarbital would help to define the site 
of the mechanism involved in any age dif- 
ferences. 


METHOD 


Unfasted male and female Sprague-Dawley 
rats 1 to 29 months of age were employed. 
Hexobarbital sodium (Evipal) was adminis- 
tered intraperitoneally at a dose of 75 mg./Kg. 
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and “sleeping time” was measured. It was de- 
fined as the elapsed period between the loss 
and return of the righting reflex. In other ex- 
periments, SKF 525A (15 mg./Kg.) or chlor- 
promazine (15 mg./Kg.) was injected intra- 
peritoneally 40 minutes prior to the adminis- 
tration of hexobarbital. 

In a test of the reliability of the data, 30 
rats randomly selected with respect to age and 
sex were reanesthetized with hexobarbital one 
week after the initial observation. The co- 
efficient of correlation between the two sets 
of sleeping time measurements was 0.95 indi- 
cating high reliability and that the inter-ani- 
mal variance in sleeping times was based 
primarily on constitutional factors and not 
upon unknown irregularities in the experi- 
mental procedure. 


RESULTS 


Although sex differences in sleeping time 
were virtually absent in 1 month old rats, a 
fourfold difference was found in 60 day old 
animals (fig. 1). At this age, mean sleeping 
time obtained for males was about 0.39 that 
of the 1 month mean; and for females, 1.3 the 
30-day mean sleeping time. This difference 
was found for animals ranging in age up to 
2 years, after which age a sex reversal in sleep- 
ing time was observed (table 1, fig. 1). 

Both SKF 525A and chlorpromazine sig- 
nificantly prolonged anesthesia in all groups 
of rats (tables 2,3). Their effects were most 
pronounced on the sexually mature females. 
The effect was to maintain the age and sex 
relationships observed with hexobarbital 
alone, although the absolute sleeping times 
were multiples of the unpotentiated values 
(tables 2 and 3). 

At the drug dosages employed, experimental 
death was encountered more frequently in 
the older groups of rats. In all observations, 
regardless of the drug or sex, 4 of 161 rats 
below 1 year died, whereas 12 of 76 above 1 
year died. This difference of 13 per cent in 
mortality is significant: P<0.01. 
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TABLE 1. DuRATION OF HEXOBARBITAL ANESTHESIA. 














Age | Time + 1 S.D. 
(Months) | No. (Minutes) 
; | 
Male 
7 See i 
1 12 | 38.7*+ 15.2 
2 6 | E62 5.3 
6 | 14 15.4+ 5.1 
18-22 10 | 17.14 6.2 
27-29 | 3t | 62.3*+ 17.8 
Female 
| 
1 12 | 43.0 + 15.2 
2 7 56.4 + 13.4 
6 11 55.3 + 15.6 
18-22 13 57.8 + 20.8 
27-29 3 36.0f+ 8.5 








*Significantly different from all other groups of 
males: p <.05. 

Significantly different from 2 month old females: 
p <.05. 

tOne of 4 animals died during the experiment. 

(The sex differences in sleeping time observed in the 
1 month old groups and in the 27-29 month old groups were 
not statistically significant: p > 0.05. For other paired 
age groups the differences were significant: p <0.05.) 


SLEEPING TIME 
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Fig. 1. Effect of age and sex on the duration of 


hexobarbital anesthesia. 


DISCUSSION 

Age changes in the duration of hexobarbital 
anesthesia parallel the reported development 
and decline of sex hormone levels in the rat 
as indicated either by measurements of re- 
productive activity or vaginal smears (9, 12), 
Apparently the most important factor under- 
lying the observed age and sex differences is 
the differential action of androgens to in- 
crease, and estrogens to decrease the rate of 
hexobarbital detoxification (11). However, 
in the older age groups, neurophysiologic or 


TABLE 2. Errect oF SKF 525A on THE DURATION OF HEXOBARBITAL ANESTHESIA. 








SKF 525A-Time 




















Age No. Time + 1S. D. ——_—_—— Mortality 
(Months) | | SKF 525A Control-Time 
Male 
< rent a 
1 10 233.6*+ 82.4 6.0 1/11 
2 | 11 76.9 + 39.5 5.1 0/11 
9 14 88.7 + 52.6 5.8 0/11 
20 11 | 145.7t+ 94.5 8.5 3/14 
| | 
Female 
1 9 | 277.7*+ 42.7 6.5 1/10 
8 4 471.3 + 86.5 8.5 1/5 
14 9 508.8 + 90.9 8.8 3/12 





*Significantly different from all other groups of same sex: p <.05. 


TSignificantly different from 1 and 2 month old males: 


p <.05. 
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TABLE 3. ErFect OF CHLORPROMAZINE ON THE DURATION OF HEXOBARBITAL ANESTHESIA. 
|Chlorpromazine-Time 
Age No, Time + 15S. D. panies Mortality 
(Months) Chlorpromazine Control-Time 
Male 
1 10 125.4*+ 22.8 $.2 0/10 
4 11 60.6 + 17.9 4.0 0/11 
9 10 49.7 + 19.6 5.2 0/10 
20 8 62.7 + 15.3 ey 2/10 
Female 
a i ai 5 r = eee 7 
1 9 143.4*+ 28.2 33 1/10 
4 10 288.5 + 123.4 $.1 0/10 
14 7 293.7 + 108.6 5.1 3/10 
*Significantly different from all other groups of the same sex: p <.05. 


neuropathologic factors may be superimposed 
upon hormonal influences. This is indicated 
by a higher incidence of mortality in the older 
animals which in all likelihood succumbed to 
barbiturate depression of the respiratory 
center. These considerations may also be as- 
sociated with the prolonged sleeping time of 
the 27-29 month old males which remained 
anesthetized approximately twice as long as 
the 1 month old sexually immature rats. It 
is possible, however, that systemic pathology 
may also be involved. 

Both SKF 525A and chlorpromazine had 
essentially similar effects, i.e., to increase the 
duration of anesthesia by several fold, despite 
the fact that their mechanisms of action are 
reportedly quite dissimilar (2, 3). The re- 
sult was to magnify the absolute differences 
among the various groups of rats, but the es- 
sential relationships established with hexo- 
barbital alone remained largely undisturbed, 
although relatively larger effects of the two 
compounds on the sexually mature females 
were found. 


SUMMARY 
Age and sex differences in the duration of 


hexobarbital anesthesia in Sprague-Dawley 
rats are described, together with the potenti- 


ating effects of SKF 525A and chlorpromazine. 
The results are as follows: 

1. The duration of anesthesia, “sleeping 
time,” in sexually mature females is about 4 
times as long as in males of the same age. 

2. The sex difference in sleeping time is 
not significant in very young or very old rats. 

3. Sleeping time apparently parallels sex 
hormone levels; mature females sleeping 
longer and mature males less than very young 
or very old animals. 

4. The effect of potentiating drugs is to 
increase the sleeping time in all age groups, 
but the age and sex relationships remain un- 
disturbed. 

5. The mortality attributable to the drugs 
is greater in the older animals. 

An explanation for these results is offered, 
based upon the known effects of sex hormones 
upon barbiturate anesthesia. In addition, the 
role pathologic factors may have in modifying 
the response, especially in older animals, is 
discussed. 


REFERENCES 


1. Apogi, E.: Anesthesia in the Aged. In: Lans- 
ing, A. IL., Ed., Cowdry’s Problems of Ageing. 
Williams and Wilkins Co., Baltimore, 1952. 

Axelrod, J., Reichenthal, J., and Brodie, B. B.: 


bo 





444 





Mechanism of the Potentiating Action of £- 
Diethylaminoethyl Diphenylpropylacetate. —_J. 
Pharm. Exper. Therap., 112: 49-54, 1954. 


Brodie, B. B., Shore, P. A., and Silver, S. L., 
and Pulver, R.: Potentiating Action of Chlor- 
promazine and Reserpine. Nature, 175: 1133- 
1134, 1955. 

Cook, L., Macko, E., and Fellows, E. J.: The 
Effect of §-Diethylaminoethyl Diphenylpropyl- 
acetate Hydrochloride on the Action of a Series 
of Barbiturates and C.N.S. Depressants. J. Pharm. 
Exper. Therap., 112: 382-386, 1954. 

Cooper, J. R., Axelrod, J., and Brodie, B. B.: 
Inhibitory Effects of s-Diethylaminoethyl Di- 
phenylpropylacetate on a Variety of Drug Meta- 
bolic Pathways In Vitro. J. Pharm. Exper. 
Therap., 112: 55-63, 1954. 

Cooper, J. R., and Brodie, B. B.: Enzyme Sys- 
tems Involved in the Biotransformation of Bar- 
biturates. J. Pharm. Exper. Therap., 110: 12, 
1954, 


a 


10. 


STREICHER AND GARBUS 


Critchley, M.: Aging of the Nervous System, 
In: Cowdry, E. V., Ed. Problems of Aging. 
Williams and Wilkins Co., Baltimore, 1942. 
Grenell, R. G., Mendelson, J., and McElroy, 
W. D.: Effects of Chlorpromazine on Metab. 
olism in Central Nervous System. Arch. Neurol. 
& Psychiat., 73: 347-351, 1955. 

King, H. D.: Life Processes in Grey Norway 
Rats During Fourteen Years in Captivity, 
American Anatomical Memoirs, No. 17, 19339, 
O'Leary, J. L.: Ageing in the Nervous Sys- 
tem. In: Lansing, A. L., Ed., Cowdry’s Prob- 
lems of Ageing. Williams and Wilkins Co., 
Baltimore, 1952. 

Quinn, G. P., Axelrod, J., and Brodie, B. B. 
Species and Sex Differences in Metabolism and 
Duration of Action of Hexobarbital (Evipal). 
Federation Proc., 13: 395-396, 1954. 
Slonaker, J. R.: The Effect of Pubescence, 
Oestruation and Menopause on the Voluntary 
Activity in Albino Rats. Am. J. Physiol., 68: 
294-315, 1924. 





CERE! 
Wrigh 
New | 
This 
ontolo; 
report 
condu: 
under 
contai! 
cerebr 
contai 
ology, 
circuls 
tions 
proce 
pects 
Eac 
often 
by va 
value 
lies it 
made 
whor 
fields. 
this « 
tainec 
tive | 
editir 
ence 
dent 
infor 
does 
book 
TI 
the f 
outst 
relat 
shou 
Al 
the | 
aspe 
syste 
bein 
olisn 
conc 
ers ¢ 
if th 
inch 
oO 
lowe 
the 
dise 
use 
T 
outl 
seve 
fact 


. System, 
f Aging. 


942, 

McElroy, 
Metab- 

» Neurol, 


Norway 
aptivity, 
1939, 

us Sys- 
’s Prob- 
ns Co,, 


B. B.: 
sm and 
Evipal), 


scence, 


luntary 
ol., 68: 





BOOK REVIEWS 


CEREBRAL VASCULAR DISEASE, by Irving S. 
Wright and E. Hugh Luckey, Grune & Stratton, Inc., 
New York, 1955, 167 pages, $5.50. 


This volume represents a valuable addition to ger- 
ontologic literature. The publication constitutes a 
report of a conference on cerebral vascular diseases, 
conducted in January, 1954, at Princeton, New Jersey, 
under the chairmanship of I. S. Wright. The book 
contains 14 chapters dealing with various aspects of 
cerebral vascular disease. Several of these chapters 
contain important basic information on the embry- 
ology, anatomy, physiology, and pathology of the 
circulatory system of the brain, whereas in other sec- 
tions the neurologic symptoms, clinical diagnostic 
procedures, and pharmacotherapeutic and surgical as- 
pects of the cerebral vascular diseases are considered. 

Each chapter of the volume is followed by an 
often detailed discussion of the particular problem 
by various members of the conference. The main 
value of the book, in the opinion of the reviewer, 
lies in the many significant and concise statements 
made by the 34 participants in the meeting, all of 
whom must be considered as authorities in their 
fields. In accordance with the current practice in 
this country the informality of the discussion is re- 
tained in the transcript. Although many conserva- 
tive readers probably would prefer a more formal 
editing of the discussions, the ability of the confer- 
ence members to express themselves clearly is evi- 
dent throughout the chapters, for which reason the 
informal style of the transcript in the present case 
does not detract much from the readability of the 
book 

The participants in the meeting stress the fact that 
the field of cerebral vascular disease, in spite of its 
outstanding medical and social significance, is as yet 
relatively undeveloped. The report of the conference 
should help to emphasize this point. 

Although one of the chapters in the book deals with 
the chemistry of the brain, only the gross chemical 
aspects are considered, the reference to the enzyme 
systems and metabolic pathways of the brain tissue 
being incidental. A thorough treatment of the metab- 
olism of brain tissue under normal and pathologic 
conditions would have been of great interest to read- 
ers engaged in biochemistry, but it is understandable 
if this subject was considered to be too extensive to 
include in the three day conference. 

Only 5 of the 14 chapters in the book are fol- 
lowed by a list of literature references. In view of 
the undeveloned stage of the field of cerebral vascular 
disease it might have been helpful if a more extensive 
use of bibliographies had been made. 

The book as a whole serves in an effective way to 
outline the present state of knowledge and to abolish 
several widely held misconceptions. Because of its 
factual character and rather extensive reference to 


clinical problems the publication should prove most 
useful both to gerontologists and geriatricians. 
J. E. KIRK 


St. Louis, Missouri 


SYMPOSIUM ON ATHEROSCLEROSIS, National 
Academy of Sciences—National Research Council Pub- 
lication 338, Washington, D. C., 1955, 249 pages, 
$2.00. 


The report of this symposium, conducted March 22 
to 23, 1954, under the auspices of the Division of 
Medical Sciences, National Academy of Sciences, 
National Research Council, constitutes a comprehen- 
sive review of the current status of the various prob- 
lems pertaining to atherosclerosis. The publication 
contains 25 separate papers with literature references 
and 5 main summaries. Each paper is followed by 
an abstract of the discussion of the subject. These 
abstracts are brief and concise and constitute only 
about 10 per cent of the total number of pages in 
the volume. 

In view of the rapid development in recent years 
within the field of atherosclerosis the appearance of 
a well edited book covering nearly all the areas in 
which research is proceeding is of considerable im- 
portance. The close adherence to the subject, precise 
style, and balanced presentation contribute further 
to the value of the publication. It is hoped that 
the high quality and low price of this book will re- 
sult in its wide distribution both in the United States 
and abroad. 

J. E. KIRK 


St. Louis, Missouri 


CIBA FOUNDATION COLLOQUIA ON AGEING, 
VOLUME I, AGEING—GENERAL ASPECTS, Ed- 
ited by G.E.W. Wolstenholme and Margaret P. Cam- 
eron, Little, Brown & Co., Boston, 1955, 255 pages, 
$6.75. 


This volume contains 16 papers presented at a 
symposium in London July 13 to 15, 1954 (immedi- 
ately preceding the International Congress on Geron- 
tology). The symposium was supported by the Ciba 
Foundation of London. Eight of the papers are 
from the United States, 7 from England, and 1 from 
Norway. There is also discussion by 18 other par- 
ticipants, (1 from United States, 7 from the United 
Kingdom, 6 from Switzerland, and 1 each from Bel- 
gium, Australia, India, and East Germany ). 

The papers deal with several aspects of geron- 
tology: 4 on physiology, 3 pathology, 3 nutrition, 
2 biochemistry, 2 mental, 1 psychology, and 1 on 
mortality data. The papers average 11% pages each 
in addition to an average of 4 pages of discussion in 
fine print. Five of the 16 papers have either a 
summary or conclusions. 
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The papers are not intended as an exhaustive trea- 
tise on gerontology—or any aspect of it. They discuss 
advances in selected phases of the subject. Therefore, 
the volume constitutes an addition to a library on 
gerontology rather than a reference book. 

Although printed in Boston, the book was edited 
in England. This accounts for the spelling of “age- 


ing” with an “e”. In America, the Journal of Ger- 
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ontology spells it without an “e” in order to be con. 
sistent with similar words, such as caging, paging 
raging, etc. 

HENRY S. SIMMS 

Department of Pathology 

College of Physicians and Surgeons 

Columbia University, New York 
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AGE AND PERFORMANCE OF TWO WORK GROUPS* 
HOWARD MAHER, PH.D. 


(From the Department of Psychology, Iowa State College, Ames, Iowa) 


uring World War II, American industry 

found itself dipping deep into its labor 
reserve. Much of this reserve was made up 
of older persons, almost two and a half million 
more workers 45 and older being in the labor 
force in 1945 than under “normal” pre-war 
conditions. Estimates of future population 
indicate that much of industry’s manpower 
will have to come from older ranks; by 1975, 
persons 45 years old and over will consti- 
tute nearly half of all persons over 20 years 
of age (1). In the event of national emer- 
gency, older persons will again have to be 
employed in great numbers. 

This study seeks to examine some of the 
assets and liabilities of the older worker, as 
well as criteria by which he is judged. The 
orientation is in terms of criteria actually 
used in a manufacturing concern of 5000 em- 
ployees to judge its sales and supervisory 
personnel. 

METHOD 


1. Supervisory Personnel. Three measure- 
ments were officially used by the Company 
to judge its supervisory personnel—nomination 
data or rankings by superiors as to general 
merit, forced-choice ratings, and graphic 
ratings. The analyses presented here deal 
mainly with the ratings, since they give more 
description than the ranked data which were 
used to establish the relative worth of the 
two rating devices. Primary emphasis was 
given to the forced-choice data in view of 
its higher validity as established against the 
nomination data. 

Validity was computed in two ways. First, 
forced-choice ratings were correlated with 
unanimous placement by nominators in the 
extreme thirds of their rankings. For the 
150 cases obtained, the resulting biserial and 
point-biserial coefficients were .86 (.66 when 
corrected for widespread classes) and .68 
respectively. All are significant at the .01 
level. Secondly, in a procedure designed to 
~ Submitted for publication July 20, 1955. 

®*This investigation was supported by a grant from the 
Ohio State University Development Fund, and was part of 


a program of research for the doctorate, under the direction 
of Dr. S. L. Pressey. 


minimize the relationship, the product-mo- 
ment correlation between forced-choice scores 
and average nomination score for 369 ratings 
was found to be r = .50. This is also signifi- 
cant at the .01 level. The forced-choice in- 
strument would thus seem to have validity 
for the age comparisons to follow. 

The reliability would also seem adequate, 
the odd-even correlation for the 369 ratings 
being r = .93. (This coefficient is extrapolated 
via Spearman-Brown formula.) Again, the 
correlation with an equivalent forced-choice 
form was r = .92. 

Among the advantages for the forced-choice 
technique, as listed by Richardson (2), is its 
tendency to force a rater to describe rather 
than evaluate, and, in so doing, to provide 
for a more accurate description of a man 
than can be obtained where description is 
linked directly to a score. The scale used 
was composed of 160 items arranged in 12 
blocks of 5 alternatives each, the rater’s job 
being to pick the most and least descriptive 
items in each block. For the purpose of age 
analysis, the 87 subjects aged 50 and over 
were compared with the 114 less than 35 
years of age on each of the items. The find- 
ings later presented are based upon the num- 
ber of items showing significant age differ- 
ences as well as upon the nature of these 
differences. 

As previously mentioned, the Company also 
used a graphic rating scale in evaluating its 
supervisory personnel. This scale consisted 
of 9 subscales, each representing a different 
aspect of work performance, and each scor- 
able on a 5 point basis. Although the graphic 
device had lesser validity than the forced- 
choice one, it still seemed worth while for 
purposes of age analysis. Its biserial cor- 
relation with unanimously nomina‘ted high 
and low criterion cases was found to be .65 
(.42 when corrected for widespread classes). 

2. Sales Personnel. Three work measure- 
ments were also available for salesmen. One 
of these was a nomination score equivalent 
to the one used with supervisory personnel. 
The nominators, in this instance, were sales 
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management of the Company. In addition, 
9 different sales performance records were 
available. These were objectively measur- 
able, concerning such evidence of merit as 
amount of sales, amount of supervision re- 
quired, etc. They were especially valuable 
in that each had significant correlation with 
the nomination data. 

Finally, where sales performance could not 
be measured objectively, management made 
ratings on the more intangible aspects of per- 
formance. Fifteen graphic rating scales, most 
of them significantly related to nomination 
standing, constituted the evidence. For all 
three measurements, the relationship of per- 
formance to age is herein presented. 


RESULTS 


1. Age and Performance of Supervisory 
Personnel. As shown above, there are 320 
responses possible on the forced-choice rating 
scale. It was found that 71 of these re- 
sponses, or only 22 per cent, showed statistic- 
ally significant differences (.05 level or less) 
between younger and older _ supervisors. 
Under the forced-choice design, however, not 
all of the responses carry a score. Of the 
71 responses showing age differences, in fact, 
25 do not have score weights. Consequently, 
only 45 of the possible 320 items are such 
that they may be termed valid discriminators 
between younger and older supervisors. It 
may be contended, therefore, that valid age 
differences are quite small. 


TABLE 1. NUMBER OF ITEMS FAVORING YOUNGER AND 
OLDER SUPERVISORS IN RATIONAL GROUPINGS. 





Items Items 
Category Favoring | Favoring | Total 

| Young | Old 
Experience... .. cea 2 5 i 
General attitude...... 3 0 3 
Routine performance. . 4 0 4 

Organizing and Plan- | 

en ea atte a -.% 1 7 
Relations with others. . 10 0 10 
Initiative and drive. .. 13 2 15 
Promotabilitv...... .. 25 0 25 
Se Soe eter 63 8 71 
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Where differences do exist, however, they 
reveal interesting patterns. When three psy- 
chologists and three personnel managers of 
the Company sorted the items, it was found 
that they fell mainly into 7 logical categories. 
By comparison of the scores obtained by 
younger and older subjects in each of the 
groupings, characteristic age patterns were 
discovered. As shown in table 1, the older 
supervisor has only one advantage, e. g., 
“Education, Training, and Experience.” The 
items here classified portray the older worker 
as having somewhat better job knowledge, 
training, and experience. 

The older supervisor has slightly less value 
than younger ones on “General Attitude,” 
“Routine Performance,” and “Organization 
and Planning.” He is even less favorably 
appraised on “Initiative” and “Relations with 
Others,” but he rates lowest, as compared 
with the younger, on items which were 
grouped under the general heading of “Pro- 
motability’—as “wants to advance,” “can de- 
velop along any line,” “will become more 
and more valuable,” “worth training for the 
future,” and other items apparently not de- 
scriptive of the present job worth of older 
employees. The finding is especially serious 
in that all of the promotability items carry 
weights in the scale, whereas fewer than half 
of the remaining age-significant items carry 
such weights. 


TABLE 2. MEAN SCORES OF DECADE AGE GROUPS ON 


EACH OF 9 GRAPHIC SCALES AND THE TOTAL 
GRAPHIC SCALE. 


Age 


Rating Characteristics 
\25-34|35—44 |45-54|55-64 


Quality of work..... sie sh ea ow eee ete 
Cont CUMIN. 6. 25 20s. | 3.9 14.01 3.9) 4.2 
Planning and organizing work.| 4.0 | 4.0 | 3.8 | 3.9 
Decision making. . . 4.1/4.1 )3.9 | 4.3 
OS ee 3.8 | 3.9 | 3.6 | 3.8 
Cooperation... . .. 4.1/4.1]3.9]| 4.4 
Delegation........... 3.313.813.3134 
Ability to advance....... ‘ 3.7.13:,7)-3.2 | 3.0 
Education and experience . 4.1 | 4.0} 4.1 | 3.9 


| 3.9} 4.1 | 3.8 | 3.9 
| | 


Total epete . 3... 5... 
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Table 2 shows the mean scores (5 is high 
and 1 low) for each of 4 age groups. Exami- 
nation of the trends shows the older super- 
visor excelling younger ones on cooperation 
and cost control. Other characteristics show 
no clear trends with age, except for the pre- 
viously noted decline in ability to advance 
or promotability. On the graphic scale as 
on the forced-choice one, we again find a 
condition which may exist more as a function 
of the years of service remaining to a man 
than in terms of his present job worth. 

2. Age and Performance of Sales Personnel. 
Three appraisals were available for salesmen: 
Nomination scores, production records, and 
graphic ratings. Nomination scores of sales- 


TABLE 3. MEAN NOMINATION STANDARD SCORES 
(M = 30; SD = 10) By AGE Group, SALESMEN Vs. 
SALES SUPERVISORS VS. OTHER SUPERVISORS. 


| 


RE ae | | 


| Age 
aes ee bebe: 
Group | | | | N 
| 25-34 | 35-44 | 45-54 | 55-64 | 
Salesmen......... | 25.9 | 30.3 | 33.0 | 34.1 | 472 
Sales supervisors. .| 25.4 | 29.1 | 30.6 | 22.8 | 59 
Non-sales super- | | | 
WHOS... ess | 29.2 | 32.0 | 30.0 | 27.1 | 402 


men, as shown in table 3, show a positive 
relationship with age. However, older super- 
visors (both sales and non-sales) are not 
rated as high as younger ones. 

Positive relationships hold also for sales 
production records and graphic ratings. Table 
4 shows data for 129 salesmen for whom 
full-year production records were available 
and who were unanimously placed in high 
or low criterion groups by sales management 
in a nomination procedure. 

Table 5 shows results for 176 salesmen who 
were both rated and placed in one of the 
nomination criterion groups. In both tables, 
the coefficients shown for criterion group 
standing (r.) are point-biserials; those for age 
(r.) are product moment coefficients. 

In table 4, older salesmen are seen to have 
higher total sales as well as higher sales of 
the two components of total sales, i. e., 
specialty and bulk sales. (Correlations of 


TABLE 4. CORRELATIONS OF CERTAIN INDICATIONS oF 
EFFICIENCY OF 129 SALESMEN WITH GENERAL 
APPRAISAL BY SUPERIORS (r-.) AND 
WITH AGE (r,). 


Efficiency Measurement ee i. 
Total sales....... en ee rhe ae 68 | 28 
Total sales as % of district average. . . | 82 .33 
Specialty sales as % of district average 74 30 
Bulk sales as % of district average...| .70 |  .27 
Supervision required. ..... Seiees ssf. ook, 
% Travel expenses to sales..........| —.37 | —.16 
% Total sales to territory potential...| 42 2g 
Sales objective set.......... eee oo | 
% Objective met....... any | .34 | 31 


.17 are significant at the .05 level, correlations 
of .23 at the .01 level). They also realize 
more of the objective set by management and 
of the territory potential. As an additional 
advantage, they require less supervision. The 
r. column of the table shows these same 
efficiency measures to be of value as judged 
by criterion group standing. 

Examination of the age—graphic scale re- 
lationships in table 5 reveals something of 
the reason for the higher value of these older 
salesmen. For the 176 cases involved, cor- 
relations of .16 and .21 are significant at the 


TABLE 5. CORRELATION OF RATINGS OF 176 SALESMEN 
BY SUPERIORS WITH GENERAL APPRAISAL 
(r.) AND AGE (ra). 





Rated Characteristic ee ee 
Individual drives....... Recs : .79 24 
New product sales............. Sei 00 
a ee | .79 26 
Stock inventory work......... Soe 22 
Display work......... eae ae 27 
Record keeping............. ae 20 
Equipment care........ SNS PR ag, 01 
Route conformity........ 31 — .09 
Time spent on job..... Eire Ss Be 22 
Planning sales presentation......... .58 .09 
Selection of “push” items...........} .49 .07 
Market need appraisal..............] .56 ee 
Customer relations............. sae 55 30 
Product knowledge............... |  . 
Physical stamina........... res | — .23 
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05 and .01 levels, respectively. The largest 
age correlation found is between age and 
product knowledge. Since the Company car- 
ries over 1000 items in its catalog, a man may 
require years to get to know the technical 
characteristics of the majority of them. The 
older salesman is also rated significantly 
higher in customer relations and market need 
appraisal. The only significant disadvantage 
for the older salesman, in fact, appears in 
the negative correlation with physical stamina. 
In view of the other findings, this does not 
seem to be any great handicap. Indeed this 
would seem to be an area of work where 
older men often may not only hold their own 
but, perhaps, through greater experience even 
excel younger ones. 


DISCUSSION 

As indicated by both production and rating 
data, older salesmen are here found more 
competent than younger ones. Their arbi- 
trary retirement at age 65 means in many 
cases a substantial loss to the Company. 
Whether sales are measured in total or broken 
into their components, the older salesman in 
this Company is still found superior. That 
the explanation does not lie in management's 
assigning more desirable territories to older 
men in former years is shown by the fact 
that the older are still superior even when 
the potential of the territory is taken into 
account. Table 4 also shows that manage- 
ment has not particularly pampered its older 
salesmen. Note that higher objectives are 
set for them and are met by them. 

The only explanation for the superiority of 
the older salesmen, as far as these data are 
concerned, may be found in the correlation 
between age and rating of product knowledge 
(table 5, r = .59). The vast product line 
and the technical nature of the line would 
lead one to expect that years of experience 
may be required for proficiency to be at- 
tained. This experience interpretation would 
not seem to detract from the validity of the 
age findings. The writer knows of no way 
of getting years of experience without, at the 
same time, aging. 

One other explanation may modify the in- 
terpretation somewhat. It may be that se- 
lective retention enters into the’ picture, i. e., 
only the better salesman may survive, either 
through self-choice or management action. 
Even in this case, however, an argument may 
be presented, if not for hiring of older men, 
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at least for retention of the successful older 
salesman past the present fixed retirement 
age as established in Company policy. In 
short, the sales area of the Company would 
seem to be one in which older men may 
operate more efficiently than younger ones. 

The age implications of the supervisory data 
seem to exist mainly in the nature of systems 
used to evaluate older personnel. In view 
of the fact that few items were found to 
show valid age differences, older supervisors 
compared favorably to younger ones on two 
different merit rating systems. However, on 
Promotability characteristics of both scales 
they show considerable decrement. Here the 
discount is probably far more in terms of the 
few years left for advancement than on 
present competency. This particular rating 
scale characteristic, in other words, would 
seem logically inappropriate for judging older 
workers. There is the additional implication 
that any rating scale must be studied carefully 
if it is to be used in aiding administrative 
decisions such as retention or transfer of older 
workers. 


SUMMARY 


The study brings together a variety of 
appraisals of sales and supervisory employees 
in a large manufacturing concern. 

Rating forms seemed unfairly to rate down 
older supervisors on items involving promota- 
bility. Older men may rate lower on such 
items merely because they are shortly to be 
retired, rather than as a reflection of present 
job worth. 

Older salesrnen were found superior in 
both sales and rated competency. The find- 
ing would seem to argue against a fixed re- 
tirement age for salesmen of this particular 
Company. Their advantage would seem to 
reside in their years of experience in a com- 
plex operation. 

It is concluded that industrial policy re- 
garding the older worker may often require 
critical review and that the older worker may 
have been undervalued in several respects. 
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RESEARCH PROBLEMS IN GERONTOLOGY 
FRANKLYN N. ARNHOFF, Ph.D. 


(From the University of Nebraska College of Medicine and Nebraska Psychiatric Institute, Omaha, Nebraska) 


U Is WELL known that with increasing age 
the body begins to undergo changes which 
are generally accepted as representing a de- 
teriorative process. The general observations 
regarding these changes have been investi- 
gated and documented by numerous practi- 
tioners and scientists who have built a wealth 
of literature on the physiologic, anatomic, and 
histologic changes occurring in this age pe- 
riod. Unfortunately, however, these changes 
have nct been found to correlate in any mean- 
ingful manner with the psychologic and social 
changes which may occur in this same age 
period. It is a well known fact, for example, 
that the characteristic senile plaques found in 
the cortex and other areas of the aged brain 
bear no meaningful relationship to mental 
changes, this having been demonstrated in 
non-psychiatric as well as psychiatric brains 
(17). There is little disagreement, however, 
that this wealth of literature describes changes 
that occur to a greater or lesser extent in all 
individuals as they become older. On the 
other hand, an examination of the psychia- 
tric and psychologic literature on gerontology 
reveals no such agreement even as to the 
changes that may occur in these areas. The 
assumption seems to be, however, that regard- 
less of the degree of physiologic deteriora- 
tion, there is a concomitant mental deteriora- 
tion which, ipso facto, is due to age (3). This 
negative assumption has been the a priori 
stimulus for a considerable amount of re- 
search and investigation which has attempted 
to demonstrate empirically that the older per- 
son is the mental as well as the physical in- 
ferior of the younger individual. To this 
writer's knowledge, it is only recently that any 
studies have been conducted which demon- 
strate that an old person is at least as ef- 
ficient in some ways as his younger com- 
petitor (19). None are known which have 
attempted to demonstrate a superiority in any 
area. 


When the gerontologic literature is exam- 
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ined it is immediately apparent that most of 
our data have been obtained from studies of 
aged inmates of mental institutions and homes 
for the senile and infirm. It is from this type 
of population that generalizations are made 
regarding old people in general. Extremely 
scant data are available as to the functioning, 
“normal” aged individual, a point whose im- 
portance cannot be minimized. The consider- 
ation and care given to the control of sam- 
pling factors by Havighurst (10) are not only 
rare but almost non-existent. Even if we are 
willing to ignore many of the variables and 
reasons for institutionalization during this age 
period, we certainly cannot overlook the pos- 
sible differences in motivation and self-con- 
cept between independent and _ institutional- 
ized persons, which even on a logical basis 
would seem to play a great role. Mason (14, 
15) in her recent studies investigated these 
factors and demonstrated their importance for 
consideration, theory, and future research. 
Motivation and its effects and ramifications 
regarding personality as we measure it have 
been widely investigated and must certainly 
be considered when dealing with people 
about whom such negative feelings are rife, 
and who, in so many instances, manifest these 
same feelings about themselves (14). 

Not only are we prone to generalize far be- 
yond our data, as well as to ignore the differ- 
ences in populations with which we are deal- 
ing, but we set out to investigate our subjects 
with a variety of techniques and methods 
which have not been demonstrated to be valid 
instruments for use with aged populations. 
Whether or not these techniques are ade- 
quate for the purpose and whether they meas- 
ure the same factors all along the age con- 
tinuum is for the most part overlooked, de- 
spite repeated cautions by many writers in 
this area as early as 1941 (2, 6,9). 

The problem of the possible inability of our 
instruments to tap the same resources as we 
go up the age scale has been given consider- 
able attention regarding the measurement of 
intelligence, and little elsewhere. The curve 
of intelligence has been demonstrated to reach 
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a veak between the second and third decade 
of life (11, 29) and to start its decline there- 
after. As age increases, however, test scores 
show increasing variability, which, while dem- 
onstrating the caution to be exercised in mak- 
ing general statements, gives further strength 
to the argument that the same functions may 
not be measured (9). The oldster when com- 
pared with younger persons shows a decline 
and is, therefore, considered to be less efficient. 
It is not this writer’s intent to deny that decre- 
ment, as measured by these standard tests, 
does occur. What is decried is the fact that 
there is no provision for measurement of ex- 
perience and wisdom, and no attempt to do 
so seems forthcoming. Furthermore, Dennis 
(9) states, “. . . little attention has been paid 
as to whether the tasks which are included 
in mental tests are tasks which also occur 
outside the testing situation.” The decreased 
efficiency in life situations remains to be dem- 
onstrated adequately. Dennis further points 
out that no tests have been devised which 
either Jemonstrate the oldster to be superior 
to the younger man or evidence increases oc- 
curring after the second decade. As meas- 
ured by psychologic tests, even the absolute 
decrement in performance has been shown 
to be lessened when power rather than speed 
is the important consideration (22). 

In a recent study, Bayley and Oden (4), 
using Terman’s gifted people as subjects, re- 
peated the power tests used 12 years previ- 
ously with these same subjects. It was found 
that the type of knowledge and ability meas- 
ured by these tests increased with age. While 
the facts that these subjects were quite su- 
perior in intelligence and, therefore, atypical, 
and that the upper age extreme of the sub- 
jects was only 50 years are not overlooked as 
far as their direct applicability is concerned, 
still, the implications of these findings for ger- 
ontology are obvious. It is only a step to 
apply these findings to older persons at other 
levels of intelligence and to conduct further 
longitudinal work with such tasks. 

At this point it is considered worth while 
to mention the difference between statistical 
and practical significance, which in general- 
izing from research findings is often confused 
or neglected. Rarely has it been demon- 
strated that the differences obtained between 
older and younger groups on some task have 
any practical meaning despite the highly sig- 
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nificant statistical differences obtained. While 
this criticism is certainly not peculiar only 
to this area, it is of considerable importance 
if gerontologic research is to have any value 
or effect in dispelling some of the fallacious at- 
titudes toward older persons. A study by 
Obrist (18) investigating simple reaction time 
with groups of subjects 18-39, 65-75, and 76- 
86 years old yielded mean reaction times to an 
auditory stimulus of 0.122, 0.131, and 0.145 
seconds, respectively. While these differences 
are statistically significant, their practical im- 
plications remain to be demonstrated and 
would seem to apply only to the most specific 
and atypical situations. It is of interest to 
note that even with such a simple task the dif- 
ferences between subjects within an age group 
were considerable, with up to 15 per cent of 
the oldest group having reaction times equal- 
ing or bettering the mean of the youngest 
group, findings which certainly demonstrate 
the fallacy in thinking of a typical older per- 
son or in generalizing that the older person 
has necessarily “slowed down.” 

The problem of identity of measurement by 
tests along the age continuum is given con- 
siderable weight in this discussion as it is of 
paramount importance in any discussion of 
the personality of the aged and research in 
this area. Many stereotyped ideas exist as to 
what the aged nerson is like and are often the 
negative starting points for investigation. In 
1946 Klopfer (13) examined 50 subjects above 
the age of 60 by means of the Rorschach test. 
Twenty of the subjects were non-institution- 
alized and 30 were residents of institutions. 
From the obtained protocols conclusions were 
drawn about the personalities of these peo- 
ple based on the usual, accepted interpreta- 
tive meanings of Rorschach variables. Simi- 
lar studies have since appeared (1, 7, 20), and 
all drew conclusions about the personalities 
of their subjects based upon usual Rorschach 
interpretations. Caldwell (6) took such in- 
terpretations to task and attempted to exam- 
ine their validity, presenting data of her own 
along with her comments and cautions. She 
pointed out that while the fairly consistent 
results obtained on these various research 
studies indicate that the test is measuring the 
same thing in these various samples, the ques- 
tion remains as to what is being measured. 
“The assumption is made that the rationale of 
the test variables does not change with age, 
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and, since different profiles are found at dif- 
ferent age levels, these must represent changes 
within the individual” (6). Such a conclu- 
sion remains to be tested. The results of Cald- 
well’s study indicate correlations between sup- 
posed personality factors and intelligence in 
this age group as well as indications that many 
of the factors supposedly influenced by age 
are less affected by age per se than they are 
by other variables as yet unknown. Even 
more important, however, are her reminders 
that the Rorschach is, after all, primarily a 
perceptual task, and that perceptual differ- 
ences may exist independent of personality, 
possibly on a physiologic basis. Despite the 
considerable research demonstrating the rela- 
tionship between personality and perception, 
the two terms are not synonomous. 

While the developmental personality is of 
importance in psychiatry, in the area of ger- 
ontology it is often overlooked or only paid 
lip service for research purposes. Some con- 
sideration is being given this important factor 
despite the considerable difficulties encoun- 
tered due to impaired memories of subjects, 
death of respondents, etc. In a recent study 
Sands and Rothschild (21), although ad- 
mittedly presenting inadequately controlled, 
gross data, formulated a socio-psychiatric the- 
ory of reactions to aging which is based upon 
life-long personality patterns. If followed up 
and tested by controlled experiments, this 
could lead to a contribution of considerable 
import. 

The personality of the individual prior to 
old age, and its influence upon his reactions 
to encroaching senility is not a new concept 
by any means. As Plato observed, “He who 
is of a calm and happy nature will hardly feel 
the pressure of old age, but to him who is of 
an opposite disposition, youth and old age are 
equally a burden.” How true this may be, 
and the mechanisms involved, must be sub- 
jected to research and investigation rather 
than be accepted at face value. 

As most studies in this area are cross-sec- 
tional rather than longitudinal, the results ob- 
tained demonstrate age differences rather than 
age changes, a point overlooked in our gen- 
eralizations from research data (9, 23). Fur- 
thermore, Dennis (9) has pointed out that 
people who are 75 years old today differ in 
many other respects besides age from those 
who are 25. While we may equate groups of 
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old and young subjects on such usual variables 
as education, intelligence, and socio-economic 
background, overlooking the fact that our cul- 
ture has changed drastically in the last fifty 
years fails to consider the vast differences in 
meaning and experience for these variables, 
Matching groups on such factors as the above 
seems fruitless and leads to the erroneous se- 
curity of believing that we have controlled 
variables which may still have considerable 
influence upon our data. Wechsler (30) in 
standardizing his revised adult intelligence 
scale takes cognizance of this and has pre- 
pared tables which enable the older person 
to be compared with his age peers. Ade- 
quate studies exist which demonstrate the ef. 
fects of cultural differences on personality and 
on various psychologic tests such as the Ror- 
schach. Such drastic changes as have occurred 
in the last half century may in many respects 
be tantamount to having developed in dif- 
ferent cultures as far as the comparison of old 
and young persons is concerned. With regard 
to psychologic tests, particularly projective 
tests, many of the differences between young 
and old may be accounted for on the basis of 
different experiences common to the respec- 
tive groups (8). 

The physical changes associated with the 
aging process and the concomitant increase in 
somatic complaints and ailments are for un- 
known reasons overlooked in gerontologic re- 
search, unless it is these factors themselves 
which are under investigation. Cerebrovascu- 
lar accidents and arteriosclerotic changes, as 
well as various other neurologic conditions, 
are ignored, while supposed differences found 
in intelligence and personality between old 
and young groups are attributed to the aging 
process. It must be admitted that in this 
respect the psychologist is far more guilty 
than his psychiatric colleagues. Visual acuity, 
which is known to have a considerable in- 
cidence of decrement with age, was not con- 
trolled, for example, in any of the Rorschach 
studies mentioned, despite the visuopercep- 
tual nature of this task. It is of further in- 
terest to note that there is evidence to suggest 
that color vision may deteriorate with ad- 
vanced age (5, 12, 26), although the con- 
founding of the evidence with differences in 
visual acuity leaves this still uncertain. It 
remains a possibility to consider, especially 
when the subject’s reactions to color on cer- 
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RESEARCH PROBLEMS IN GERONTOLOGY 


tain psychologic tests has important implica- 
tions for the evaluation and assessment of per- 
sonality. 

The shortcomings and methodologic prob- 
lems discussed here are certainly not novel 
and merely represent the application of ac- 
cepted concepts and procedures of experi- 
mental investigation to a relatively new area 
of interest. The newness of this area of in- 
vestigation, however, is no excuse for ignoring 
sound experimental procedures. 

The average life span in this country has in- 
creased considerably in the last half century, 
resulting in an increasing segment of our pop- 
ulation at the upper end of the age continuum 
who present an economic as well as a social 
problem. Factual information about this age 
group is still meager. As individuals they pre- 
sent many problems, feelings, and difficulties 
which are more or less distinctive or are at 
least emphasized by age. Our techniques and 
research procedures must, therefore, be flexi- 
ble and modified to meet these needs. Ex- 
tensive research is needed not just on the aged 
themselves but, most pressingly, on techniques 
and tools which are standardized on and in- 
tended for use with older subjects. While 
the difficulties are considerable, subjects for 
investigation must be recruited from the ranks 
of the non-hospitalized, non-psychiatric aged, 
who, despite their advanced years, are still 
maintaining independent function. Longi- 
tudinal studies, which in the final analysis will 
demonstrate intra-individual age changes, are 
sorely needed. Many of the newer methods 
such as self-sorts (16, 24) which are devised 
for the study of the individual case, and the 
statistical methods devised for clinical use 
(25) seem particularly promising for this 
area. Utilization of such tools can lead to the 
evolution of valid theories, which as Watson 
(27, 28) has indicated are quite lacking and 
sorely needed in this area and have been 
neglected in the attempt to answer some of 
the questions raised by the increasing pressure 
and demands of a purely service orientation. 


SUMMARY 


While there is considerable literature avail- 
able regarding the psychiatric and psycho- 
logic changes occurring with advanced age, 
little agreement exists as to what these changes 
are or what they mean. A priori, it is often 
assumed that aging is accompanied by meas- 
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urable and meaningful mental deterioration, 
and this negative assumption is the starting 
point for much of the research in gerontology. 
An examination of the literature reveals that 
most information has been obtained from se- 
nile inmates of mental institutions and homes 
for the aged and that the findings from such 
studies have been generalized to the aged at 
large. From the standpoint of scientific meth- 
odology and control, gerontologic research has 
lagged behind in terms of uncritical use of 
unstandardized tools and tests, poor sampling 
procedures, and failure to control pertinent 
variables which may have far more influence 
on the experimental findings than age per se. 
Various aspects of gerontologic research 
have been discussed, shortcomings noted, and 
some suggestions made for improvement in 
future experimental designs and planning. 
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BOOK REVIEWS 


EVALUATION IN MENTAL HEALTH, a review of 
the problem of evaluating mental health activities, re- 
port of the Subcommittee on Evaluation of Mental 
Health Activities, Community Services Committee, 
National Advisory Mental Health Council, National 
Institute of Mental Health, U. S. Department of 
Health, Education and Welfare, Public Health Service 
publication No. 413, Government Printing Office, 
Washington, D. C., 1955, 292 pages $2.00. 

The first 60 pages present a keen and challenging 
analysis of the status of evaluation of programs in 
the field of mental health. The report concerns it- 
self predominantly with the measurement of ac- 
complishment in mental health programs, although 
some consideration is also given to measurement of 
need and to assessment of methods of measurement. 
The bulk of the book consists of abstracts of 984 
projects or published papers in the field of mental 
hygiene. While relatively few of the references deal 
with mental hygiene of older people, the introductory 
discussion of evaluation in the field of mental hygiene 
is useful for anyone who is planning research on the 
mental health of adults or of old people. 


ROBERT J. HAVIGHURST 
Committee on Human Development 
University of Chicago 


MORBIDITY IN THE MUNICIPAL HOSPITALS 
OF THE CITY OF NEW YORK, report of an ex- 
ploratory study in hospital morbidity reporting, by 
Marta Fraenkel and Carl L. Erhardt, Russell Sage 
Foundation, New York 1955, 229 pages, $4.50. 

Data on specific morbidity, the state of being af- 
flicted with a specific disease, are essential to plan- 
ners and administrators of medical, hospital, and pub- 


lic health programs. Heretofore information on mor- 
bidity has been derived from mortality _ statistics, 
mandatory reporting of certain diseases by physicians, 
and special health surveys, each of which has limita- 
tions. 

In an attempt to close at least part of this gap of 
morbidity knowledge, the authors, who are directors 
of the statistical services of the Department of Hos- 
pitals and the Department of Health, conducted a 
pilot study of over 120,000 patients discharged from 
31 general and special hospitals in the New York 
municipal hospital system during a six month period 
in 1952. 

Demographic and diagnostic information, as well 
as length of stay, type of surgical intervention, and 
outcome on discharge were recorded on a special re- 
port form from the patients’ charts. The tabulated 
data form the basis of numerous tables by diagnostic 
categories, by sex, color, and age, by condition on 
discharge and length of hospital stay. Fifty-six of 
these tables are published and explained in the text. 

Recognizing the limitations of hospital morbidity 
reporting and the weaknesses of a pilot study con- 
fined to the municipal hospitals of a large city caring 
almost exclusively for the indigent group, the authors 
advance arguments to support their thesis that hos- 
pital morbidity data are valuable in public health 
administration, community planning for medical care, 
and hospital administration. 

They recommend gradual development of a perma- 
nent city-wide hospital morbidity reporting system, to 
include ultimately voluntary and proprietary as well 
as municipal hospitals in New York. 


DAVID LITTAUER, M.D., 
Executive Director 
Jewish Hospital of St. Louis 
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VoLuME 10, Section C NuMBER 4 
President Ollie A. Randall (New York) Past President Anton J. Carlson (Chicago) 
President-elect William B. Kountz (St. Louis ) Treasurer John Esben Kirk (St. Louis ) 


Secretary Nathan W. Shock (Baltimore ) 


Program of the Eighth Annual Scientific Meeting of the 
Gerontological Society, Inc. 


October 27-29, 1955 


SHERATON-BELVEDERE HOTEL 
Baltimore, Maryland 
F. D. Zeman, General Program Chairman 

H. Semer, Local Arrangements Committee Chairman 
J. A. Hamixton, Section on Biological Sciences 
A. A. HELLBAum, Section on Clinical Medicine 
Wiuma T. Donanve, Section on Psychological and Social Sciences 
J. Wem, Section on Social Work and Administration 


THURSDAY, OCTOBER 27 
8:30-9:30 a.m., Registration 
Morning Session, 10:00 a.m. - 12:30 p.m.—Charles Room 


General Session: Basic Considerations—Medical and Social Problems of the Aging and the 
Aged 


Chairman: F. D. Zeman, Chief, Medical Services 
Home for Aged and Infirm Hebrews, New York 


RANDALL, OLLIE A.—(Community Service Society, New York; President of the Gerontological 
Society ). Opening Remarks. 
DearporFF, Neva—( Health Insurance Plan New York). Statistical Background. 


STEBBINS, E.—( Director, Johns Hopkins University, School of Hygiene and Public Health, Balti- 
more). Public Health Problems. 


Monroe, R.—( Director, Geriatric Clinic, Peter Bent Brigham Hospital, Boston). The Phy- 
sician’s Responsibility. 

ScoTTLAND, C.—(Commissioner, Social Security, Department of Health, Education, and Wel- 
fare, Washington, D. C.). Social and Economic Problems. 


Ope, C. E.—(Coordinator, Projects for Older Workers, U. S$. Department of Labor, Wash- 
ington, D. C.). Employment and Employability. 


12:30-2:00 p.m., Separate Luncheon Meetings for each Professional Section and the General 
Member Section of the Society 


($3.00 per plate. Tickets to be obtained on registration. Location of luncheon meetings 
will be posted at Registration Desk.) 
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ORGANIZATION SECTION 459 
Afternoon Sessions, 2:00-4:30 p. m.—Simultaneous Section Meetings 


Section on Biological Sciences—Room 222 
Chairman: J. A. Hamicton, Stanford University School of Medicine, Stanford, California 


SopERWALL, A. L., and BrirENBAKER, A. L.—( Department of Animal Husbandry, Cornell 
University, Ithaca). Reproductive Capacities of Different Age Hamsters (Cricetus au- 
ratus, Waterhouse ). 

Berc, B. N.—(College of Physicians and Surgeons, Columbia University, New York). Mus- 
cular Dystrophy in Aging Rats. 

SILVERSTONE, F. A., BRANDFONBRENER, M., SHock, N. W., and Yrencst, M. J.—( Section on Ger- 
ontology, National Heart Institute, Bethesda, and the Baltimore City Hospitals, Balti- 
more). Age Differences in Glucose Tolerance and the Response to Insulin. 

Rupzinska, Maria A.—( Rockefeller Institute for Medical Research, New York). Differences 
Between Young and Old Organisms in Tokophyra infusionum. 

SORENSEN, L. B., and Kirk, J. E.—( Division of Gerontology, Washington University School of 
Medicine, St. Louis). The Effect of Age on the Fumarase Activity of the Human Aorta 
and Pulmonary Artery. 

AnprEw, W.—( Department of Anatomy, Bowman Gray School of Medicine, Winston-Salem, 
North Carolina). A Comparison of Age Changes in the Kidney of the Rat and of Man. 

Marrazzi, A. S., and Hart, E. R.—(Clinical Research Division and Neurology Branch, Chemical 
Corps Medical Laboratories, Army Chemical Center, Maryland). The Nature and Ac- 
tion of the Tranquilizing Drugs. 

PaRFENTJEV, I. A.—( Department of Microbiology, Yale Unversity School of Medicine, New 
Haven). Age and Susceptibility to Infections in Mice. 

ByjorKsTEN, J., and Gorruies, H.—( Bjorksten Research Foundation, Madison, Wisconsin). A 
Common Molecular Basis for the Aging Syndrome. 


Section on Clinical Medicine: Everyday Problems in the Care of the Elderly 
(meeting to be held jointly with the Maryland Academy of General Practice ) 


Red Room 


Chairman: L. Krause, Professor of Medicine, University of Maryland 
School of Medicine, Baltimore 


ZeMAN, F. D.—(Chief, Medical Services, Home for Aged and Infirm Hebrews, New York). 
General Therapeutic Considerations. 

Epwarps, C. R.—( Professor of Surgery, University of Maryland School of Medicine, Balti- 
more). Surgery in the Aged. 

FINESINGER, J.—( Professor of Psychiatry, University of Maryland School of Medicine, Balti- 
more). Aspects of Psychiatry. 

FERDERBER, M.—( Assistant Professor of Medicine, University of Pittsburgh). Rehabilitation. 


Section on Psychological and Social Sciences—Room 218 


Presented by the National Institute of Mental Health 
Chairman: J. E. Bmren, Chairman, Research Committee on Aging, National Institute 
of Mental Health, Bethesda 


Panel: The Extramural Program 


Sapir, P.—( Chief, Research Grants and Fellowshins Branch, N.I.M.H., Bethesda). The Place 
of Aging in Grants and Fellowships. 
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WiuiaMs, R.—(Sociologist, Professional Services Branch, N.I.M.H., Bethesda). Special Proj- 
ects of the Professional Services Branch. 

KraM_er, M.—(Chief, Biometrics Branch, N.I.M.H., Bethesda). Gerontologic Problems of Men- 
tal Hospital Populations. 

Havpert, H.—(Chief, Publications and Reports Section, N.I.M.H., Bethesda). Information 
Services on Mental Health Problems of Later Life. 


Panel: The Intramural Program 


Kety, S.—(Associate Director in Charge of Research, N.I.M.H. and N.I.N.D.B., Bethesda), 
Age Changes in Cerebral Metabolism and Circulation. 

STREICHER, E.—( Psychologist, Section on Aging, N.I. M. H., Bethesda). Research Activities of 
the Section on Aging. 

Pern, S.—( Psychiatrist, Clinical Investigation, N.I.M.H., Bethesda). Psychiatric Evaluation 
of the Elderly with Emphasis on Depressive States. 


Section on Social Work and Administration: General Aspects of Growing Old—Blue Room 
Chairman: J. Wet, Executive Director, The Montefiore Home, Cleveland Heights 


Botwinick, J.—(Section on Aging, Laboratory of Psychology, National Institute of Mental 
Health, D.H.E. & W., Bethesda). Principles and Concepts in the Psychologic Aspects 
of Aging. 

LinvEN, M.—( Director, Division of Mental Health, Philadelphia Department of Public Health; 
Regional Director Commonwealth Mental Health Center, Philadelphia). Psychiatric 
Elements in Aging. 

FRAENKEL, Marta—( Assistant to the Commissioner, Department of Hospitals, New York). 
Medical Elements in Aging. 

Hunp ey, J. M.--( National Institute of Arthritis and Metabolic Diseases, Bethesda). Nutri- 
tional Elements in Aging. 

GoopaN, J. I.--( Medical Director, County Nursing Home, Cleveland). Observations on 
Nutrition in the Aging. 


4:30-6:00 p. m. Visits to institutions in Baltimore will be arranged for those 
who have special interests. 


(See Registration Desk) 


Evening Session, 8:30 p. m., Reception for the members of the Gerontological Society by 
the Medical Chirurgical Faculty of the State of Maryland and the 
Baltimore City Medical Society 


Chairman: G. H. Yeacer, President 
Medical Chirurgical Faculty of the State of Maryland, Baltimore 


Greetings: A. R. Koontz, President, Baltimore City Medical Society 
Oxiie A. RANDALL, President, Gerontological Society, Inc. 
W. S. Stone, Dean, University of Maryland School of Medicine 
P. Barp, Dean, Johns Hopkins University School of Medicine 


Address: | Education for Gerontology, F. C. Swarrz, East Lansing, Michigan 


Following the program refreshments will be served by the Ladies Auxiliary of the Medical 
Chirurgical Faculty and the Baltimore City Medical Society. 
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ORGANIZATION SECTION 


FRIDAY, OCTOBER 28 
Morning Session, 9:00 a.m. - 12:00 noon—Charles Room 


General Session: Whither Gerontology? Current Research Needs 
Chairman: E. L. Bortz, Philadelphia 


Lansinc, A. I.—( Professor of Anatomy, Emory University, Atlanta). Biology. 

DonaHvE, WitMa T.—(Institute for Human Adjustment, University of Michigan, Ann Arbor). 
Psychology. 

Hoss, G. W.—(Chairman, National Committee on Aging of the National Social Welfare As- 
sembly; Vice-President, First National City Bank of New York). Social Sciences. 

FREEMAN, J. T.—(Philadelphia). Clinical Medicine. 

Lorcr, I.—( Professor of Educational Psychology, Teachers College, Columbia University, New 
York). Prospects for the Future. 


12:00 p. m., Luncheon Meeting, Council of the Gerontological Society, Inc.—Room 220 


Afternoon Sessions, 2:00-4:30 p. m., Simultaneous Section Meetings 
Section on Biological Sciences—Room 222 
Chairman: M. Lanpowne, Baltimore City Hospitals, Baltimore 


GotpsLoom, A. A., Exper, H. B., and DanisHersky, I—(New York Medical College, Metro- 
politan Medical Center, Bird S$. Coler Hospital Division, New York). Newer Clinical 
and Laboratory Studies in the Aged. XI. Chemical Studies of the 80-100 Year Old 
Group. 

Gry, G. O.—(Department of Surgery, Johns Hopkins University School of Medicine, Balti- 
more). Cellular Growth Responses in Relation to Age. 

Rocers, J. B., and Taytor, R. C.—(Department of Anatomy and Department of Pathology, 
University of Louisville School of Medicine). Pathology and Behavior of Senile Guinea 
Pigs. 

RocksTEIN, M.—(Assistant Professor of Physiology, New York University, New York). Some 
Biochemical Aspects of Aging in Insects. 

SONNEBORN, T. M.—(Department of Zoology, Indiana University, Bloomington). Inheritance 
of Effects of Parental Age in Paramecium. 

Sutkin, N. M.—( Department of Anatomy, Bowman Gray School of Medicine, Winston-Salem, 
North Carolina). Mucoprotein in Nerve Cells of the Dog and Its Alterations During 
Aging. 

ALBANESE, A. A., Hiccons, R. A., Orto, Louise, ZAVATTARO, Dorotuy M., MALoney, Mary O., 
and Rosenguest, Mure. E.—St. Luke’s Convalescent Hospital, Greenwich, Connecti- 
cut). Dietary and Metabolic Inter-Relationships in the Aged. 

Cuarriper, H. A.—( Department of Biology, New York University, New York). Studies of 
Effects of Aging on the Adrenal and Pituitary Glands of the Golden Hamster. 


Section on Clinical Medicine: Old Age and Chronic Illness 
(meeting to be held jointly with the Commission on Chronic Illness ) 


Red Room 


Chairman: D. W. Roserts, Executive Director 
Commission on Chronic Illness, Baltimore 
Taysack, M.—( Director, Statistical Section, Baltimore City Health Department). Variations 
in the Prevalence of Chronic Illness and Disability in Different Age Groups. 
WarTeErRHOUSE, ALICE—( Division of Public Health Methods, Department of Health, Education, 
and Welfare, Washington, D. C.). Assessing the Home Care Program for the Aged 
Chronically Il. 
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FREEMAN, RutH—( Associate Professor of Public Health, Johns Hopkins University School of 
Hygiene, Baltimore). Making Bedside Nursing Care Available to the Patient at Home, 

Co.LeMaNn, J. B.—( Vice-President, Johns Hopkins University, Baltimore). The Function of the 
General Hospital in the Care of the Long-Term Patient. 

Lewis, W. H., Jn.—( Assistant Attending Physician, Memorial Center for Cancer, New York), 
Impact of Chronic Illness on Practice of Medicine. 


Read by Title: 


SEIDEL, J., GuzMAN, M. F., and Horsman, R. K.—( Veterans Administration Hospital, Kerr 
ville, Texas). Congenital Hemolytic Anemia Treated at the Age of Sixty. 


Section on Psychological and Social Sciences—Room 218 


Symposium: Patterns of Personal and Social Adjustment in Aging in Retrospect and 
Prospect 


Chairman: M. E. Linnen, Director, Division of Mental Health, Department of Pub- 
lic Health, Philadelphia 


Von Meninc, O.—( Department of Anthropology, University of Pittsburgh). Comparative Ger- 
ontologic Aspects of Human Cultures. 

ALBRECHT, RutH—( Department of Home Economics, Alabama Polytechnic Institute, Auburn), 
Metamorphosis of the Family in the Human Life Cycle. 

TuckMAN, J.—( Division of Mental Health, Philadelphia Department of Health, Philadelphia), 
The Self-Image in Aging. 

KLEEMEIER, R.—(Moosehaven Research Laboratory, Orange Park, Florida). Group Living as 
Prophylaxis and Treatment. 


Go.prars, A. I.—(Home for the Aged and Infirm Hebrews of New York, New York). Ration- 
ale for Psychotherapy with Older Persons. 


Section on Social Work and Administration: Care of the Mental Abnormalities 
In the Elderly—Blue Room 


Chairman: Grorcia McCoy, Department of Health, Education, and Welfare, 
Washington, D. C. 


MATHIASEN, GENEVA—( Secretary, National Committee on Aging, National Social Welfare As- 
sembly, New York). Standards of Sheltered Care. 


Methods of Treatment: 


Dasco, M.—( Medical Director, Goldwater Memorial Hospital, New York). Medical and Re- 
habilitation Services. 

Fotkorr, J. P.—( Executive Director, Levindale Hebrew Home and Infirmary, Baltimore). 
Psychiatric Nursing. 

Gotp, J.—( Executive Director, Orthodox Jewish Home for the Aged, Chicago). Care of the 
Senile in the Institution and in the Community. 

Lanpav, GerTRUDE—( Executive Director, William Hodson Community Center, New York). 
Social Activities. 

BowEN, GEORGENE—( Director, Education-Recreation for Older People, Health and Welfare 
Council, Philadephia). Recreation for the Aged in Different Cultures. 

SALAMONE, A.—( Director, Adult Education Center, St. Louis University, St. Louis). A Good 
Adjustment. 
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4:30-5:30 p.m., Business Meeting of the Gerontological Society, Inc.—Red Room 
Chairman: Otte A. RANDALL, New York 
6:30-9:30 p. m., Annual Dinner, Hotel Sheraton-Belvedere—Charles Room 
($5.00 per Plate. Tickets at Registration Desk) 
Chairman: H. Sewer, Baltimore 


Addresses: Tue HonorasLe THomas D’ALEssANDRO, Mayor of Baltimore 
Tue Honoras_e THEoporE McKe pin, Governor of Maryland 
Miss Outre A. RANDALL, Presidential Address 
Jupce Tuomas J. S. Waxter, Director, Maryland State Department of Public Wel- 
fare.—Maryland Faces the Problem of the Aged. 
Showing of New Films: 1) A Place to Live 
2) Geriatric Rehabilitation 


SATURDAY, OCTOBER 29 


Morning Sessions, 9:00 a. m. - 12:00 noon—Simultaneous Section Meetings 


Section on Biological Sciences—Room 222 


Chairman: J. A. Rocers, Department of Anatomy, University of Louisville School of 
Medicine, Louisville 

AcKERMANN, P. G., Toro, G., and Kountz, W. B.—( Division of Gerontology, Washington Uni- 
versity School of Medicine, St. Louis). Thyroid Activity in Elderly Individuals as Indi- 
cated by Radioiodine Uptake and Other Studies. 

Kiremeiern, R. W., Ricu, T. A. and Justiss, W. A.—(Moosehaven Research Laboratory, 
Orange Park, Florida). The Effects of Alpha-2-piperdyl Benzhydrol Hydrochloride 
(Meratran) on Psychomotor Performance in a Group of Aged Males. 

Pore, F., Lunsrorp, Wanpa, and McCay, C. M.—( Agricultural Experiment Station, Cornell 
University, Ithaca). Attempts at Parabiotic Union Between Hamsters of the Same Age 
and Between Young and Middle-Aged Rats. 

Dury, A.—(Dorn Laboratory for Medical Research, Bradford Hospital, Bradford, Pennsyl- 
vania). Immediate Effects of Growth Hormone and Epinephine on the Lipid Partition 
and Phospholipid Turnover in Plasma, Liver, and Aorta of Rabbits. 

Parez, |. W.—(Laboratory for Biological Research, Columbus State Hospital, Division of 
Mental Hygiene and Correction, Columbus, Ohio). Some Factors Related to Senile 
Changes in the Brain. 

Greens. att, I. J., and Lerrine, J.—(Messinger Research Laboratory, Beth-E] Hospital, Brook- 
lyn). The Fall in Human Sera Lipids Following Ethionine Ingestion. 

Wotrre, J. B., PRAESENT, K., and Cristner, Nancy—( Valley Forge Heart Institute and Hos- 
pital, Fairview Village, Pennsylvania, and Wolffe Clinic, Philadelpha). Hyperplasia of 
the Suprarenal Glands and Kidneys Experimentally Induced by a Fraction of a Renal 
Extract. A Preliminary Report. 

Commons, R. R.—( University of California School of Medicine, Los Angeles). The Effect of 
Thyroxine on Serum Protein Bound Iodine. 


Section on Clinical Medicine 


Medical Grand Rounds, with Dr. McG. Harvey, Professor of Medicine, 
Johns Hopkins University School of Medicine 


10:00 a.m.—Hurd Hall 
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Section on Psychological and Social Sciences: Research and Methodology—Room 218 


Chairman: WiuMa T. Donanve, Chairman, Division of Gerontology, Institute of 
Human Adjustment, University of Michigan, Ann Arbor 


BrapsHaw, H.—-( Department of Psychology, Ohio State University, Columbus). Differentia 
of Superior as Contrasted to Problem Old People. 

Aupripce, G. J.—( Michigan State University, East Lansing). The Role of Older People in a 
Florida Retirement Community. 

VERNIER, CLAIRE M.—( Veterans Administration Center, Martinsburg, West Virginia). Com- 
parative Analysis of Personality Factors in a Geriatric Group Associated with Return 
to Community Living Versus Continued Residence in a Sheltered Institutional Setting, 

Wattace, W. L.—(The Psychological Corporation, New York). How the Wechsler Adult 
Intelligence Scale Was Standardized for Older Persons. 

Busse, E. W.—Barnes, R. H., and Couen, L. D. (Department of Psychiatry, Duke University, 
Durham, North Carolina). The Effects of Variables of Subiects and Methods in Geron- 
tologic Research. 

Botwinick, ].—BRINLEY, J. F., and Birren, J. E. (National Institute of Mental Health, Beth- 
esda). Age Differences in Reaction Time Readiness. 

Osrist, W. D.—and Henry, C. E.—( Institute of Living, Hartford, Connecticut). The Relation 
of EEG to Brain Syndrome in Aged Patients. 

Reats, W. H.—( Professor of Adult Education, Washington University, St. Louis). What It 
Is Like to Be Old. 

Kuuien, R. G.—(Department of Psychology, Syracuse University, Syracuse). Adult Age 
Trends in Attitudes. 

Pressey, S. L.—(Department of Psychology, Ohio State University, Columbus). Types of 
Work Older People Can Do Best. 


Read by Title: 


Anprus, Rutu, and Benjamin, R.—(Cold Spring Institute, Cold - Spring - On - Hudson, New 
York). Evidence of Change and Growth in Older People: A Report on the First 
Two Groups at the Cold Spring Institute. 


Section on Social Work and Administration: The Role of Welfare Agencies in 
Providing Services to the Aged—Blue Room 


Chairman: C. Trssirrs, Committee on Aging, Department of Health, Education, and Wel- 
fare, Washington, D. C. 


ApraMs, A. J.—(Director, New York State Joint Legislative Committee on Problems of 
the Aging, Newburg). The Congress of the United States and Our Aged. 


The Role of the Public Agency: 


Conen, W.—(Department of Health, Education, and Welfare, Washington, D. C.). 
Rosinson, H.—( Director, Public Welfare, State of Ohio, Columbus). 

Waxter, T. J. S.—(Director, Maryland State Department of Public Welfare, Baltimore). 
Greve, Bett—(City Welfare Director, Cleveland). 


Levine, H.—(Consultant, Department of Public Welfare, City of New York). Mental Health 
and the Public Agency. 


The Role of the Private Agency: 


ZeLpitcH, M.—( Director, Social Planning Department, Council of Jewish Federations and 
Welfare Funds, New York). 
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12:00 noon - 2:30 p. m., Closing Luncheon: Summary of Meetings by Section 
Chairman—Jubilee Room 


($3.00 per plate. Reservations to be made at Registration Desk.) 


Program Committee, Eighth Annual Scientific Meeting: 
Dr. F. D. Zeman, Chairman, New York. 
Dr. J. A. Hamuvron, Biological Sciences, Stanford University School of Medicine, Stanford, California, 
Dr. A. A. Hetipaum, Clinical Medicine, University of Oklahoma School of Medicine, Oklahoma 
City. 
Dr. Wi.ma T. Donanve, Psychological and Social Sciences, University of Michigan, Ann Arbor. 
Dr. 1. Wem, Social Work and Administration, Cleveland. 
Dr. O. J. Kaptan, General Members, San Diego State College, San Diego. 
Dr. I. Lonce, General Sessions, Teachers College, Columbia University, New York. 
Dr. W. C. McKay, In., General Sessions, University of Connecticut, Storrs. 


Local Arrangements Committee, Eighth Annual Scientific Meeting: 


Dr. H. Semen, Chairman, Baltimore. 

Miss Estuer Lazarus, City Director, Public Welfare Department, Baltimore. 

Junce T. J. S. Waxren, State Director, Welfare Department, Baltimore. 

Mr. G. Manser, Executive Secretary, Council of Social Agencies, Baltimore. 

Mr. D. L. B. Frincet, State Director, Department of Employment Security, Baltimore. 

Dr. H. WiiuiaMs, Commissioner of Health, Baltimore City Health Department, Baltimore. 

Miss Frances Morvon, Executive Director, Citizens Planning and Housing Association, Baltimore. 

Mr. H. Froeicuer, Citizens Planning and Housing Association, Baltimore. 

Mr. E. J. Lierrz, Secretary, Nursing Homes Association of Maryland, Catonsville. 

Mr. R. Wuison, President, Kenesaw Rest Home, Baltimore. 

Mr. H. G. Frirz, Chief, State Department of Health, Division of Hospital Services, Baltimore. 

Dr. D. Roserts, Director, Commission on Chronic Illness, Baltimore. 

Dr. P. Barp, Dean, Iohns Hopkins University Schoo! of Medicine, Baltimore. 

Dr. W. M. Wine, Associate Professor, Public Health Administration, Johns Hopkins University School 
of Hygiene and Public Health, Baltimore. 

Dr. !. E. Moore, Associate Professor of Medi:ine, Johns Hopkins University School of Medicine, 
Baltimore. 

Dr. B. F. Cuow, Associate Professor of Biochemistry, Johns Hopkins University School of Hygiene 
and Public Health, Baltimore. 

Dr. W. S. Stone, Dean, University of Maryland Medical School, Baltimore. 

Dr. J. C. Krantz, Jr., Professor of Pharmacology, University of Maryland School of Medicine, 
Baltimore. 

Dr. W. R. AmMbBerson, Chairman, Department of Physiology, University of Maryland School of 
Medicine, Baltimore. 

Dr. G. H. Yeacrr, President, Medical and Chirurgical Faculty of the State of Maryland, Baltimore. 

Dr. A. R. Koontz, President, Baltimore City Medical Society. 

Mr. R. BALL, Deputy Director, Old Age and Survivors Insurance, Baltimore. 

Miss Neora Larson, Chief, Program Planning, Department of Health, Education, and Welfare, Balti- 
more. 

Dr. W. L. Fieck, Manager, Veterans Hospital, Baltimore. 


Local Arrangements Committee, Members at Large: 


Dr. L. Krause, Professor of Medicine, University of Maryland, School of Medicine, Baltimore. 
Mr. T. A. VANSANT, Director, Adult Education, Baltimore. 

Mr. J. Fotxorr, Executive Director, Levindale-Hebrew Home and Infirmary, Baltimore. 

Mrs. Mivprep ATKINSON, Executive Secretary, Federation of Churches, Baltimore. 

FatHer Wisk, Loyola College, Baltimore. 

Mr. I. P. McMiLian, Executive Director, Baltimore City Hospitals, Baltimore. 
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Abstracts of Papers 


Section on Biological Sciences 


Thyroid Activity in Elderly Individuals as Indicated 
by Radioiodine Uptake and Other Studies. 
P. G. ACKERMANN, G. Toro, AND W. B. Kounvtz, 
Division of Gerontology, Washington University, 
School of Medicine, St. Louis, Missouri. 


Radioiodine uptake studies were made on more 
than 200 individuals, most of them over the age of 
50; basal metabolic rate and serum cholesterol de- 
terminations were also made. The correlation of 
these data with the age and health of the patient 
will be described. 

Dietary and Metabolic Inter-Relationships in the 

Aged. 


A. A. ALBANEsE, R. A. Hiccons, Louise Ortro, Dor- 
otuy N. Zavattraro, Mary O. MALONEY, AND 
Muriex E. Rosenquest, Nutritional Research Lab- 
oratory, St. Luke’s Hosnital, New York, New York, 
St. Luke’s Convalescent Hospital, Greenwich, Con- 
necticut, and Miriam Osborn Memorial Home, Rye, 


New York. 


Serial studies on 192 aged women (69-95 years ) 
over a period of 5 years disclosed that their average 
daily caloric intake is 1895 + 102. The percentile 
caloric distribution on a_ self-selected regimen is: 
proteins, 14; carbohydrate, 45; and fat, 41. On this 
diet little or no changes in body weight were noted. 
The hemoglobin and plasma protein levels initially 
were in the normal range and remained so during 
the course of the study. Electrophoretic measure- 
ments of the plasmas of 150 of the women showed 
relatively normal A/G ratios, with some diminution 
of the alpha, and alpha: globulins. Despite the 
somewhat higher intake of fat calories the blood cho- 
lesterol levels of this group fell well within the ac- 
cepted norms. Positive nitrogen balances were main- 
tained by these women on daily intakes of 47 to 63 
Gm. of protein. However, when daily caloric intake 
was reduced below 1300, negative nitrogen balances 
developed on a daily protein intake of less than 50 
Gm. Examination of individual records failed to 
disclose any significant reduction in metabolic rate 
or nutrient requirements over the 5 year period of 
study. 


A Comparison of Age Changes in the Kidney of the 
Rat and of Man.° 


W. Anprew, Department of Anatomy, Bowman 
Gray School of Medicine, Winston-Salem, North 
Carolina. 


Histologic study of senile human kidneys has in 
general verified the changes accepted as occurring 


*Part of a general program on age changes sponsored by 
the Wistar Institute of Anatomy under the Executive Director, 
Dr. Edmond J. Farris, and supported by the Samuel S. 
Fels Fund. 


in man in old age in the “normal” involution of 
these organs. Such changes include extensive vascu- 
lar alteration, particularly arteriolosclerosis, and elimi- 
nation of the glomeruli by a process of fibrosis. The 
glomeruli thus affected are no longer functioning 
units but can be identified structurally, Some details 
of change in other parts of the human nephron 
are described. Parallel study of the kidney of the 
Wistar Institute rats shows much less evidence of 
fibrosis of glomeruli, although these structures take 
on a “senile aspect,” with much thickened basement 
membranes. Vascular change is not marked in the 
senile rat kidney. Definite changes are seen in the 
various portions of the nephron, including specific 
cellular alterations. The question as to whether 
altered cells should be termed “oncocytes” is  dis- 
cussed. “Colloid” in the lumen of the tubules is 
found in 100 per cent of the kidneys of senile rats 
examined, 


Muscular Dystrophy in Aging Rats. 


B. N. Bere, College of Physicians and Surgeons, 
Columbia University, New York, New York. 


With advancing age rats develop a form of mus- 
cular dystrophy that is the chief contributory cause 
of death in senescence. The disease is ushered in 
by hind leg weakness and a straddling gait. The 
flank muscles become atrophied and within 6 weeks 
to 8 weeks after the onset of symptoms the hind 
limbs are paralyzed. Microscopically the striated mus- 
cles (gastrocnemius and adductor) show varying de- 
grees of degeneration and necrosis. Evidence of 
regeneration is also present. 

The symptoms and histologic findings are similar 
to those observed in vitamin E-deficient rats. How- 
ever, the animals are kept on a diet consisting of 
Rockland ‘D free’ pellets which contain 3.2 mg. alpha 
tocopherol, a supplement adequate for excellent 
growth and fertility. The dystrophy appears earlier 
in males (700 days) than in females (800 days). 
From 800 to 900 days of age, 83 per cent of males 
and 27 per cent of females develop muscle lesions, 
while in rats over 1,000 days old the disease is 
found in 100 per cent of animals of both sexes. 

Experiments are under way to determine whether 
the muscular dystrophy of aging rats is related to a 
vitamin E deficiency despite an amount in the dict 
considered to be adequate according to current 
bioassay standards. It is possible that the require- 
ments for maintaining the integrity of striated mus- 
cle increase with age. 


A Common Molecular Basis for the Aging Syndrome. 
J. Byorksten and H. Gorrtuies, Bjorksten Research 
Foundation, Madison, Wisconsin. 

A satisfactory scientific definition of aging has not 
been accepted because of the vast areas of biochemi- 
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cal and physiologic knowledge still to be discovered 
and studied. Aging has many facets which influence 
individuals in apparently various manners. If a 
common cellular or molecular denominator could be 
found and demonstrated experimentally to be oper- 
ative, many, if not all, of the apparently unrelated 
and variable manifestations presently ascribed to the 
aging syndrome could be more logically examined 
and possibly practical solutions achieved in the fore- 
seeable future. 

The progressive protein immobilization hypothesis 
has merit as a fundamental molecular denominator 
for aging. The consequence of such a mechanism 
can be predicted on a biochemical basis and_ tested 
by comparison with known or suspected physiologic 
and pathologic changes or symptcms. 

The pathologic basis for the degenerative diseases 
resulting from the fundamental biochemical aspects 
of the hypothesis can be illustrated by the develop- 
ment of atherosclerosis. The physiologic conse- 
quences of atherosclerosis in the remainder of the 
body serves then as a cause of many other symptoms 
of the aging syndrome. 


Immediate Effects of Growth Hormone and Epine- 
phrine on the Lipid Partition and Phospholipid 
Turnover in Plasma, Liver, and Aorta of Rabbits. 


A. Dury, Dorn Laboratory for Medical Research, 
Bradford Hospital, Bradford, Pennsylvania. 


Because of the possibility that an altered lipid 
metabolism, particularly in the aorta, may be related 
to the pathogenesis of arteriosclerosis, it is essential 
that the nature and sites of influence of certain 
hormones on lipid metabolism be elucidated. 

In the present study epinephrine in oil (1 mg./Kg. 
body weight) or growth hormone (5 mg./Kg.) was 
administered subcutaneously to groups of rabbits 
6 hours before they were sacrificed. Two more 
groups received an equal volume of peanut oil 
or physiologic saline and served as controls for the 
epinephrine and growth hormone-treated rabbits, re- 
spectively. A dose of approximately 5 mc. radioactive 
phosphate (P) was given intravenously immedi- 
ately after the hormone or placebo injection. 

The lipid partition and phospholipid specific ac- 
tivities in liver, plasma, and aorta were determined. 
Epinephrine injection resulted in significantly elevated 
concentrations of plasma phospholipid and total lipid, 
ester cholesterol, and neutral fat in the liver. The 
concentrations of all aortic lipid fractions were not 
different from control values. Specific activities of 
the plasma, liver, and aorta phospholipids were sig- 
nificantly elevated. Of especial interest was the fact 
that the rate of aortic phospholipid turnover was 
131 per cent greater than the controls while the 
turnover of liver phospholipids was greater only by 
43 per cent. 

Growth hormone injection resulted in significantly 
increased levels of all lipid fractions of plasma and 
liver. The greatest changes were found in the 
neutral fat fraction of liver and plasma, and the 
phospholipid, free and ester. cholesterol fractions 
of plasma. On the other hand, the total lipid con- 
centration in the aorta was significantly depressed; 


this primarily was due to a 25 per cent decrease in 
the neutral fat content from the control level. The 
P™ data in this group indicated that the rate of liver 
phospholipid turnover was probably significantly in- 
creased (p=0.05) while the turnover of plasma phos- 
pholipid was markedly increased (200 per cent). 
The aortic phospholipid specific activity was not dif- 
ferent from the controls. 

These findings indicate that one of the modes of 
immediate epinephrine influence upon lipid metab- 
olism is an increased rate of phospholipid turnover 
in liver, plasma, and aorta, but only a moderate ef- 
fect upon lipid mobilization. Growth hormone 
seemed to show an early marked effect upon lipid 
mobilization and only a moderate effect upon liver 
and plasma phospholipid synthesis. Moreover, in 
contrast to epinephrine’s effect on aortic phospholipid 
turnover, there was no indication of such an action 
by growth hormone on this tissue site. 





Newer Clinical and Laboratory Studies in the Aged. 
XI. Chemical Studies of the 80-100 Year Old 
Group. 

A. A. Gotpsioom, H. B. Emer, and I. DANISHEF- 

sky, New York Medical College, Metropolitan Medi- 

cal Center (Bird S. Coler Hospital Division), New 

York, New York. 

A 5-year study of 500 subjects aged 13 to 100 
years, with emphasis on the 80-100 year age group 
(100 patients) will be reported. Blood lipids, ultra- 
centrifuge lipoprotein determinations, paper electro- 
phoresis will be correlated with clinical status, electro- 
cardiograms, ballistocardiograms, and x-ray findings. 

A “threshold” is found to occur in the 60-75 year 
group, following which there is a reversal of certain 
biochemical and/or physical processes. 

Aided by a grant from the Sophie D, Cohen and William 
W. Cohen Foundation. 








The Fall in Human Sera Lipids Following Ethionine 

Ingestion. 

I. J. GREENBLATT AND J. Letrine, Messinger Re- 

search Laboratory, Beth-El Hospital, Brooklyn, 

New York. 

Popper, and later Chaikoff, had shown that a de- 
crease in the level of serum cholesterol and lipopro- 
teins in the experimental animal occurs when fed 
ethionine. This interesting substance formerly held 
to be a toxic anti-metabolic, is now considered to 
exert its effects by acting as an anti-methionine agent. 

Five volunteers, 3 males and 2 females in normal 
health were permitted their normal diets, except that 
dl-ethionine was ingested at a level of 6 to 9 Gm. per 
day, 2 to 3 Gm. three times a day. 

Two control sera lipoproteins and cholesterol levels 
were taken and then the feeding of ethionine con- 
tinued for 12 days. The drug was discontinued and 
blood samples were collected on the 19th and 28th 
day after the beginning of the experiment. 

One female subject showed no definite changes 
in serum lipids. The other 4 subjects showed a vary- 
ing, but sharp decline of their sera lipoproteins and 
cholesterol levels, which began to rise after ces- 
sation of the ingestion of the drug. 
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The Effects of Alpha-(2-Piperidyl Benzhydrol 
Hydrochloride (Meratran) on Psychomotor Per- 
formance in a Group of Aged Males. 


R. W. KieeMerer, T. A. Ricu, ANp W. A. JustTiss, 


Moosehaven Research Laboratory, Orange Park, 
Florida. 


The effects of Meratran on the performance on 
a battery of 13 psychomotor tests were noted. Sub- 
jects were 22 male residents (average age 75.68) of 
a fraternal home for the aged. During the week pre- 
ceeding the testing 2 mg. of Meratran were adminis- 
tered orally to each subject daily. On alternate weeks 
placebos were given as controls. The battery was 
given twice under the experimental condition and 
twice under the control condition. Included were 
tests of visual perception, sorting, tapping, verbal 
output, time estimation, figure drawing, and hand 
strength. Although there was a general tendency 
for increase in amount of production on the iests 
under the experimental condition, in only the last 3 
tests did the group performance under the drug 
condition seem to be significantly altered. 


Some Factors Related to Senile Changes in the 
Brain. 


J. W. Parez, Laboratory for Biological Research, 
Columbus State Hospital, Division of Mental Hy- 
giene and Correction, Columbus, Ohio. 


A gradual loss of some facile functions of the 
nervous system is common in old age. Neural 
functions such as reception, transmission, and re- 
tention are involved. Conditions associated with 
these functional deficits are found in nerve cells 
and blood vessels of the brain. Lipofuscin granules 
which occupy cytoplasm of nerve cells in the thalamus 
and cerebral cortex seem to be dead remains of 
primitive mycotic organisms which frequent the blood 
stream, walls of blood vessels, nerve cells, hypophysis 
cerebri, and adrenal glands. Their presence as 
originally living organisms was demonstrated in our 
laboratory in several hundred cases by phase micros- 
copy at 970x magnification. These zoospores when 
motile enter the cytoplasm of nerve cells where 
they cause visible damage to neurofibrils. These 
latter act as tape recorders for nerve impulses con- 
ducted by a so-calied fluid membrane along them. 
Disturbances of perception, memory, and disorienta- 
tion, may be attributed to this damage. Actual 
destruction of nerve cells, more often of granule 
cells, is common in senile brain disease. A new crop 
or outbreak of mycotic zoospores is accompanied by 
nervous disturbances, often leading to psychosis, when 
severe. Another feature is gliosis, a metabolic change 
caused by some by-product acting on supporting 
tissue through which cerebral fluid flows. Sclerotic 
patches in blood vessels are formed by deposits of 
dead organisms. Thrombosis is another feature. 

The life cycle of zoospores has three stages. 
The zoospores occur first in red blood corpuscles as 
statoblasts; 4 strains are recognized. New cultures 
from submicroscopic forms in filtrates can be grown 


in serum broth at high temperatures (45 C.). Proto- 
plast is a cell-like structure that produces filaments 
and globules. Globules sporulate as a fungus and 
start new colonies. Resemblance to insect viruses 
is more than casual. Lantern slides will illustrate 
nerve cell damage. 


Age and Susceptibility to Infections in Mice. 


I. A. ParFENTJEV, Department of Microbiology, Yale 
Universtiy School of Medicine, New Haven, Con- 
necticut. 


Continuing our earlier studies (1953) we have 
compared the susceptibility of mice of different ages 
to exposure to influenza virus as well as to certain 
gram-negative bacteria. For our studies we used 
female mice of the CFW strain: young weanlings 
10-12 Gm., mature mice of about 20 Gm., and old 
ex-breeders of 30-32 Gm. weight. In experiments 
with gram negative bacteria we observed that after 
inoculations with 1.5 billion live cells of Proteus 
OX19, 67 per cent of the mature mice survived as 
compared with a 17 per cent survival rate among the 
old ex-breeders. Similar results were observed with 
Pasteurella multocida. However, due to the high 
virulence of this organism for mice, for inoculation 
we used only a few hundred organisms. From such 
an inoculum, 96 per cent of the mature mice sur- 
vived in contrast to 5.7 per cent of the old ex-breed- 
ers. The lethal dose of Shigella endotoxin was much 
larger for young, mature 18 Gm. mice, than for the 
old ex-breeders (1954). All the old ex-breeding mice 
died from the dose of Shigella endotoxin (0.08-0.4 
mg.), and even from a dose as low as 0.003 mg. a 
large number of them succumbed. Contrary to this, 
of young mature females, 60 per cent survived an 
injection of 0.5 mg. of Shigella endotoxin and all 
survived 0.1 mg. and smaller amounts. The reverse 
effect of aging was observed in the studies of sus- 
ceptibility of mice to influenza virus. After intra- 
nasal administration of the virus in a dilution of 
1:10,000, 94 per cent of the mature mice survived, 
but only 27 per cent of the weanlings. In a series 
of special experiments we were able to demonstrate 
that in the state of hypersensitivity, in our work in- 
duced by vaccination with H. Pertussis vaccine (Par- 
fentjev, Goodland, and Virion, 1947) we were able to 
increase the susceptibility of mice of all ages to the 
above described gram-negative bacteria and to virus. 


This gerontologic study supports our previous 
statement (Partfentjev, 1953), that hypersensitivity 
is of significance in the etiology of infectious diseases. 


The results of these and previous experiments 
suggest that statistical studies of the frequency dis- 
tribution of infectious diseases at different ages 
could be supplemented by skin tests with antigens of 
various disease agents. In man the skin tests would 
be a counterpart of injection experiments with animals. 


This investigation was supported (in part) by research 
grant from the National Cancer Institute of the National 
Institutes of Health, Public Health Service. 
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Pathology and Behavior of Senile Guinea Pigs. 


J. B. Rocers, Department of Anatomy, and R. C. 
TayLor, Department of Pathology, University of 
Louisville School of Medicine, Louisville, Kentucky. 


The longevity of guinea pigs in a colony of about 
400 individuals maintained under different systems 
of caging will be reported. Observations on repro- 
ductivity, diet habits, training, hearing, and vision 
of senile (surviving more than 1095 days) animals 
will be reported. The tissue pathology of organs of 
animals dying in the senile age group will be re- 
ported. 


Differences Between Young and Old Organisms in 
Tokophrya infusionum® 


Maria A. Rupzinska, Rockefeller Institute for 
Medical Research, New York, New York. 


Unlike most protozoa, Tokophrya multiplies by 
endogenous budding, forming a succession of em- 
bryos. The parent organism retains its identity and 
continues to reproduce for several days to weeks. 
This way of reproduction permits studies of differ- 
ences between young and old organisms. 

In observations on living organisms it was found 
that the body of the young Tokophrya is pyriform, 
while the old is irregular in shape. The young 
organism averages 30 uw and the old 60 u in diameter. 
The number of tentacles decreases greatly in the 
old organism (from 60 to 15 and less). The young 
organism is able to produce an embryo every 2 to 
4 hours, while the old one is unable to reproduce. 

More detailed information was obtained from fixed 
and stained preparations and thin-sectioned material 
examined under the electron microscope. In such 
a study it was found that the most significant 
changes due to aging occur in the macronucleus. 
The macronucleus, which is surrounded by a double, 
perforated membrane, is spherical in the young 
organism and irregular, often loboid, in the old 
individual. The Feulgen positive, dense chromatin 
bodies examined by electron microscopy appear as 
a spongework composed of many fine (90A) fila- 
ments. In the old Tokophrya some of the bodies 
develop an internal cavity, enlarge, elongate, become 
less dense, and reveal a regular pattern in their 
structure arranged in parallel arrays. The number 
of chromatin bodies is about 40 to 50 in the young 
organism and is over 300 in the old one. The 
matrix in which the chromatin bodies are suspended 
is fairly homogeneous in the young organism, while 
in the older it becomes fibrous. The size of the 
polyploid macronucleus, which changes greatly dur- 
ing the life span, is about 5 uw in diameter in the 
young and over 20 uw in the old. In thin sections 
of old organisms, narrow, deep invaginations formed 
by the double nuclear membrane may be noticed. 
In the young organism only one macronucleus is 
present, while in the old one 2 to 4 macronuclei 
may be found. It is significant in this connection, 


~ ®Supported by a grant from The National Heart Institute 
#H-1350(C2). 


that two nucleated cells have been also found in 
some organs of old mice (Andrew, 1955). 








Age Differences in Glucose Tolerance and the Re- 
sponse to Insulin. 


F. A. Sm_verstone, M. BRANDFONBRENER, N. W. 
Suock, and M. J. Yrencst, Section on Gerontology, 
National Heart Institute, National Institutes of 

Health, P.H.S., D.H.E.&W., Bethesda, Maryland, 

and the Baltimore City Hospitals, Baltimore, Mary- 

land. 

While there are several reports of decreased glucose 
tolerance in older people who are not sick, little is 
known regarding the meaning of this change. Does 
reduced tolerance mean reduced cell uptake of sugar; 
is there a deficiency of insulin; is there less response 
to insulin; are there simply fewer cells in older 
individuals to metabolize glucose or-is there some- 
thing different about the cells present? 

Thirty-five carefully screened male subjects, 23 
to 86 years of age, were given an intravenous glu- 
cose tolerance test (GTT) and glucose-insulin toler- 
ance test (GITT), using 50 ml. of 50 per cent 
glucose and 5 units of HGF Insulin/M*® of body 
surface. Venous blood was sampled at 5-minute 
intervals and analyzed by the Nelson-Somogyi method. 
Analyses of the blood glucose concentrations be- 
tween 10 and 60 minutes after the injection in- 
cluded linear curves and rate measurements based 
on semilog plots of glucose concentration and time. 
The latter were constructed in terms of (a) the 
“rate” of fall (K) of the total measured glucose 
concentration, and (b) the true rate of fall (K,) 
of the increment in concentration above an asymptote 
(c) computed for each individual. K (or c) for 
GTT minus K (or c) for GITT is taken as an 
index of the response to insulin, A K (or A c) in each 
subject. 

Significant age differences were found in the 
manner of disappearance of injected glucose, either 
with or without added insulin. Insulin had a sig- 
nificantly greater effect in younger subjects. 


Reproductive Capacities of Different-Age Hamsters 
(Cricetus auratus, Waterhouse ).° 


A. L. SopeRWALL and A. L. BriITENBAKER, De- 
partment of Animal Husbandry, Cornell University, 
Ithaca, New York. 


One aspect of a program dealing with “Senescence 
Studies in Reproductive Physiology of the Golden 
Hamster” considers the factor of reproductive capaci- 
ties of senescent animals compared with young adults 
of both sexes. 

In the 24 month normal life span of the golden 
hamster the age of 15 months and older is con- 
sidered for our purposes as typical of senescence. 
Histologic evidence favors this time designation. 
Younger animals used were from 4 to 8 months of 
age. 

*Supported by Grant G-4213, National Institute of Health, 
U. S. Public Health Service. 
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Matings were made between 4 groups listed as: 
a.) senescent males x senescent females 
b.) senescent males x young females 
c.) young males x senescent females 
d.) young males x young females 


The result of such matings with the number and 
percentage of successes is shown in the following 


table: 


Num- Suc- % Suc- 


Animals ber cesses cess 
Senescent males x senescent females 29 10 34.5 
Senescent males x young females 26 7 26.9 
Young males x senescent females 15 8 53.0 
Young males x young females 38 22 58.0 
Total matings 108 47 43.5 


It appears from the data thus far obtained that 
the senescent males have the poorest showing through- 
out. Behavioral estrus cycles displayed by the fe- 
males of both age groups show no significant differ- 
ence in over 200 cycles observed as to average 
length and range in hours of heat (senescent, 19.32, 
range 13.5-24.0; young 20.09, range 13.5-26.0 hours). 


Inheriance of Effects of Parental Age in Paramecium 
T. M. SONNEBORN, Department of Zoology, Indi- 
ana University, Bloomington, Indiana. 


In Paramecium aurelia, as in higher organisms, the 
life cycle starts with fertilization (conjugation or 
autogamy), ends with death after 125 days or less, 
and is marked by progressive changes in vigor or 
vitality (measured in several ways). New sexual 
generations may be obtained from parents of any 
age,—the range 7 to 120 days being covered in the 
experiments. Series of successive sexual generations, 
each from parents of the same age (7 days in one 
series, older and sti!! older in other series), have been 
observed for cumulative, transmissible effects of 
parental age. Three classes of sexual offspring arise 
at autogamy: (1) the vigorous, which have normal 
life cycles; (2) the subnormal, to various degrees; 
and (3) the lethals, which die within 4 days. The 
frequency of vigorous offspring decreases from 99.4 
per cent when the parents are 7 days old to zero 
when the parents are 80 days old or older; conversely, 
the frequency of lethals rises from 0.4 per cent to 
100 per cent; and the frequency of subnormals rises 
from 0.2 per cent (7 day parents) to a peak of 28 
per cent (67 day parents) and declines to zero (80 
day and older parents). Vigorous offspring arising 
from such parents do not transmit effects of parental 
age, no matter what age it may be; but subnormal 
offspring do. Moreover, parents so old as to yield 
only lethal offspring at autogamy can, by conjuga- 
tion with the young, yield both vigorous and sub- 
normal offspring. Breeding analysis demonstrates 
that both of these classes of old-by-young hybrids 
carry abnormal nuclei derived from the old parent. 
The nuclear damage, resulting from the residence of 
the nucleus in old cytoplasm, is extensive—as great 
as from exposure to high doses of X-irradiation— 
and of similar nature: chromosomal aberrations. 


The Effect of Age on the Fumarase Activity of the 
Human Aorta and Pulmonary Artery. 


L.. B. S@RENSEN and J. E. Kirk, Division of Geron- 
tology, Washington University School of Medicine, 
St. Louis, Missouri. 


In a previous publication from this department (T. 
J. S. Laursen and J. E. Kirk, J. Gerontol., 10: 26-30, 
1955) the presence of fumarase in human aortic 
tissue was reported; it was noted that the enzyme 
activity tended to decrease with the age of the sub- 
jects from whom the samples were derived. The 
present study was undertaken with the purpose of 
investigating the correlation between age and the 
fumarase activity of the aorta and pulmonary artery 
on a large number of samples. 

Determination of the fumarase activity was car- 
ried out on homogenates of fresh arterial tissue by 
measurement of the quantities of 1-malic acid formed 
from fumarate. A macro modification of the fluoro- 
metric procedure of Lowry and associates was em- 
ployed; 106 samples of the descending thoracic aorta 
and 94 samples of the pulmonary artery were in- 
cluded in the study. The age of the individuals 
from whom the samples were obtained ranged be- 
tween 1 month and 92 years. 

The measurements revealed a significant decrease 
in the fumarase activity of both the aorta and pul- 
monary artery with age. The mean quantities of 
l-malic acid formed by the aortic homogenates (mg. 
l-malic acid/Gm. wet tissue/hour) were as follows: 
0-9 years, 14.6; 10-19 years, 12.1; 20-29 years, 12.1; 
30-39 years, 11.0; 40-49 years, 8.9; 50-59 years, 
7.8; 60-69 years, 7.4; 70-79 years, 7.1; and 80-92 
years, 6.8. For the homogenates of the pulmonary 
artery the corresponding average values were: 18.6; 
17.1; 26.4; 18.2; 14.7; 12.3; 11.9; 12.2; and 8.4. 
The pulmonary artery in all instances showed a 
higher fumarase activity than the aorta from the 
same subject. The coefficient of correlation: age/1- 
malic acid formation was -0.63 (t=8.26, N—106) 
for the aortic samples, and -0.48 (t=5.26, N=94) 
for the samples of the pulmonary artery. 





The investigation was supported by a grant (PHS-891) 
from the National Heart Institute of the National Institutes 
of Health, Public Health Service. 


Mucopotein in Nerve Cells of the Dog and Its Alter- 
ations During Aging’. 
N. M. Sutxin, Department of Anatomy, Bowman 
Gray School of Medicine, Winston-Salem, North 
Carolina. 


The cytoplasm of autonomic and sensory ganglion 
cells of senile dogs include a PAS positive non-granu- 
lar deposition (except one dog in which this sub- 
stance appeared granular) which is mucoprotein in 
nature and which does not occur in young animals 
or in neurones of the central nervous system in any 
age group (Sulkin, 1955). 

Following the method of Kramer and Windrum 


*Supported by a grant from the Institute of Neurological 
Diseases and Blindness, Public Health Service. 





(195: 
conce 
blue 
an ac 
chror 
Se 
tain 
seem 
dog 
was 
over, 
clud 


Th 


be 


of the 


7eron- 
licine, 


it (T, 
26-30, 
aortic 
zyme 
sub- 
The 
se of 
| the 
irtery 


car- 
e by 
rmed 
10TO- 

em- 
aorta 
: in- 
luals 

be- 


ease 
pul- 
; of 
mg. 
WS: 
2.1; 
ars, 
)-92 
lary 
8.6; 
8.4, 

La 
the 
/1- 

16 ) 

14 ) 


1) 


ites 





ORGANIZATION SECTION 471 


(1953) sections of nervous tissue were treated with 
concentrated sulfuric acid and stained with toluidin 
blue to determine whether sulfation would produce 
an acid mucopolysaccharide which would stain meta- 
chromatically. 

Senile ganglion cells treated in this manner con- 
tain a cytoplasmic metachromatic deposition which 
seems homologous to the PAS deposition. The single 
dog whose ganglion cells contained PAS granules 
was characterized by metachromatic granules. More- 
over, neurones of the central nervous system, in- 
cluding anterior horn cells, Purkinje cells, pyramidal 


cells, and others contained fine dispersions of meta- 
chromatic granules. Examination of neurones of 
young dogs (3 months to 5 years) indicated that cells 
in all parts of the nervous system contained these 
granules. Additional evidence for this phenomenon 
was obtained with the use of the periodic acid— 
aldehyde-fuchsin technique and by aldehyde-fuchsin 
staining following sulfation. 

It is concluded that canine neurones contain a 
mucoprotein, which, except in senile ganglia, is in- 
sufficiently concentrated to be demonstrated by the 
PAS method. 


Section on Clinical Medicine 


Congenital Hemolytic Anemia Treated at the Age 
of Sixty. 
J. Seme,* M. F. GuzMan,j and R. K. HorsMan,t 
Veterans Administration Hospital, Kerrville, Texas. 


The case history and treatment of a 60 year old 
World War I veteran is presented. On admission to 
the hospital the primary cause of symptoms was 
thought to be chronic pulmonary tuberculosis. Upon 
further study, however, it was found that he was 
suffering from congenital hemolytic anemia and that 
definitive therapy had never been given.  Sple- 
nectomy was performed three months after admission 


to our hospital and after careful study of the 
patient’s case. All sputum cultures during the pa- 
tient’s stay in the hospital were negative for acid 
fast bacilli and there was no x-ray change during 
his stay in the hospital. It is believed that the 
clinical improvement shown by the patient was pri- 
marily due to definitive therapy undertaken for con- 
genital hemolytic anemia, after many years of known 
symptoms. 


*Chief, Surgical Service. 
tAss’t. Chief, Surgical Service. 
tChief, Medical Service. 


Section on Psychological and Social Sciences 


The Role of Older People in a Florida Retirement 
Community. 


G. J. Atprivce, Michigan State University, East 
Lansing Michigan. 


The purpose of this study was to examine the 
social aspects of aging in a small retirement com- 
munity in central Florida. The hypothesis tested 
was that in a community developed under the 
aegis of older people, the role of older people may 
be exvected to be different in such dimensions as 
social participation and social control. The differ- 
ences may be exvected to be in the direction of a 
role which brings both social approval and_ personal 
satisfaction. 

Persons 60 years of age and over were considered 
older. St. Cloud, Florida, an all-white community 
of 3,000 with 50 ver cent over 60 was selected for 
study because it was developed as a_ retirement 
community, its population having 4 times as large 
a proportion of older people as was found in the 
population of the United States. During the sum- 
mer of 1951, a representative sample of 245 older 
people was interviewed, as well as persons from 
other age groups and at least one officer from all 
of the secular and most of the religious organizations. 
Formal and informal group activities were observed 
and participated in, and organizational records and 
other secondary sources read. All data were con- 
sidered in relation to the older people in the com- 
munity and the role they lived. 


St. Cloud was found to be a migration-developed 
community in which the clubs and organizations play 
a primary role in providing social support and recog- 
nition for older people. The numerical dominance 
of older people in St. Cloud’s adult population and 
in the membership and leadership of most organiza- 
tions contributed to their position of strength and 
influence. The relatedness of social participation and 
social control was particularly evident; the older 
people achieved control of the community through 
control of its organizations, without carrying direct 
administrative responsibilities. 

Many of St. Cloud’s older people used these organ- 
ized social outlets. Many older people augmented, 
and others replaced formal with informal partici- 
pation. For almost half, informal participation repre- 
sented their only form of social relationships. Some 
of these relationships were stable and continuing, 
such as neighborhood cliques. Others tended to be 
floating contacts, such as were typical of the Post 
Office, shopping trips, and the downtown green 
benches. 

Largely, St. Cloud had become adapted to its 
higher proportion of older people. The process of 
adaptation was facilitated by and expressed through 
the development of certain services, facilities, and 
customs. At the same time resentment of the 
presence and influence of so many older people was 
found, especially among the young who tended to 
resolve their conflict by leaving St. Cloud when 


able. 
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It was concluded that, in contrast to the usual 
role of older people in the United States, the position 
of older people in St. Cloud was socially approved 
and personaily satisfying. Their solidarity was re- 
inforced through the formal organizations which they 
controlled, and through informal social relationships 
with persons of like age and interests. Control of 
these organizations led to control of the community’s 
structure and functioning, and would be a crucial 
factor in the possible development of an adult edu- 
cation program. Finally, despite areas of conflict, 
particularly between the young and the old, the 
community has become accommodated to its older 
people. 


Evidence of Change and Growth in Older People: 
A Report on the First Two Groups at the Cold 
Spring Institute. 


Rutn Anprus,® and R. BenyAMin,t The Cold 
Spring Institute, of the Walt Foundation, Inc., 
Cold Spring-On-Hudson, New York. 


Two groups of men and women over 55, totalling 
22, each experienced for the period of a year a 
stimulating and supportive program of living as resi- 
dents of the Cold Spring Institute. Change and 
growth were studied by means of a variety of 
psychologic, medical, and physical tests and exami- 
nations and a special battery of blood chemistries, 
at the beginning and end of the term of residence. 
In addition to these objective tests and examinations, 
continuous records were kept by the staff, and tape 
recordings made of all registrant group discussions. 
The analysis of these data gives evidence of change 
in such areas as the following: 


Depression was lessened. 
Self esteem and sense of identity was increased. 
Relating to others became easier and more free. 

Attention was better directed and sustained; speed of per- 
formance increased; intellectual performance improved. 
Acceptance, understanding and expression of difference in- 

d with cx itant decrease in prejudice. 

Fears were lessened. 

Enjoyment in use of body increased. 

Reality contact was improved—less projection. 

Heightened blood pressure was reduced up to 30 mm. 
systolic and 16 mm. diastolic. 

Vital capacity increased. 

Hemoglobin increased up to 2.5 Gm. 

Height increased. 

Blood chemistry outside the normal range returned to well 
within normal limits. 

Instances of distressing chronic low back pain upon entrance 
entirely disappeared. 

Cases of anemia were alleviated. 

Neuromuscular coordination improved markedly. 

Greater physical energy was available and used. 





The program of living which contributed to this 
change and growth is described in detail. 


*Director. 
tAssociate Director. 


Age Differences in Reaction Time Readiness. 


J. Borwinick, J. F. Brinvey, and J. E. Birren, 
Section on Aging, Laboratory of Psychology, Na- 
tional Institute of Mental Health, National Insti- 
tutes of Health, D.H.E. & W., Bethesda, Maryland. 


Problem: The purpose of this study was to de- 
scribe age differences in the relation between speed 
of response and the time interval between a warning 
signal and a reaction stimulus. This description of 
age differences in response readiness is one aspect 
of the problem of measuring age changes in the in- 
tensity and time course of response expectancy as 
a function of age. 

Procedure: Reaction time measurements were made 
on 54 male subjects; 27 aged 61-83 years, and 27 
aged 18-36 years. For each subject 50 finger re- 
action time measurements were made in a random- 
ized pattern of 8 time intervals between warning 
and reaction signal. The 8 time intervals were 1, 
1%, 2, 2%, 3, 4, 5, and 6 seconds. The warning 
signal was a light illuminated for 0.5 sec. and the 
reaction signal was a 1000 cycle tone of 0.2 sec. 
duration presented with ear phones. Median re- 
action time measurements were computed for each 
subject for each time interval. The data were 
analyzed by an analysis of variance. 

Results: (1) There were age differences in total 
reaction time. 

(2) In addition, there was a significant relation 
between reaction time and length of the delay inter- 
val in both age groups. 

(3) The relation, however, was different in the 
two age groups. That is, the time course of re- 
sponse readiness changed with age. With a 1 sec. 
delay interval, the mean reaction time for the elderly 
was .31 sec., whereas for the,6 sec. delay, it was 
.22 sec. The corresponding values for the young 
subjects were .21 sec. and .18 sec., respectively. 


Differentia of Superior as Contrasted to Problem 
Old People. 


H. BrapsHaw, (Sponsored by S. L. Pressey) De- 
partment of Psychology, Ohio State University, 
Columbus, Ohio. 


The paper summarizes a phase of a larger study 
having to do with the intensive case-study investi- 
gation of superior old people. The individuals stud- 
ied had been selected by informal nomination of 
several people who knew them well, and carefully 
studied not alone through personal interviews but 
also in terms of a variety of evidence obtained over 
a period of time. Sundry individuals were also 
studied who were roughly of the same general socio- 
economic and occupational groups, but who were 
judged to present problems of adjustment or person- 
ality. The paper reports an attempt to contrast 
the last named group with individuals considered 
especially superior as regards circumstances and 
characteristics which seemed most differential. 

In general, the contrast has emphasized, as im- 
portant for a satisfactory old age, (a) opportunity 
to maintain some status in terms of recognized use- 
fulness, as shown either by continued work or other 
accomplishment of a service type. Also fairly differ- 
ential in most cases was (b) a situation such that 
the older person was largely independent in his or 
her mode of living, and (c) informed and under- 
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standing orientation regarding problems of age. 
Sample cases and further details, and certain appli- 
cations in planning programs for older people, will 
be given. This paper is largely in further develop- 
ment of a study reported some years ago in the 
Journal of Gerontology by the sponsor, which used 
written reports rather than the extensive case in- 
vestigations of the present research. 


The Effects of Variables of Subjects and Methods in 
Gerontologic Research® 


E. W. Busse, R. H. Barnes, and L. D. ConHeEn, 
Department of Psychiatry, Duke University School 
of Medicine, Durham, North Carolina. 


Research design and the selection of subjects in 
the area of gerontology requires constant attention 
to the recognition of variables which affect the con- 
trol group as well as the experimental group. Con- 
clusions, particularly those involving generalizations, 
must take into account the widely different sub- 
cultural influences upon the elderly person. Our 
studies, which include subjects over the age of 60 
from two widely separated geographic locations, 
emphasize the point that generalizations must be 
made with caution. The subjects studied in the 
Rocky Mountain area included 5 groups of elderly 
persons divided according to socio-economic, cultural, 
and medical status. Important differences were found 
in these groups, while some similarities were also 
noted. Our current studies in the southeastern por- 
tion of the United States reveal even more strikingly 
the extent of the influence of culture and climate 
upon the elderly subjects. 

The influences are wide-spread and appear in 
the psychologic test material, the psychiatric examina- 
tion, social adjustment, attitudes towards physicians, 


motivation in participating as a volunteer, and physical * 


findings. 

This paper will provide a review of our research 
project in reporting the results in specific instances, 
particularly the differences between groups with at- 
tention to the influencing variables. 


*Supported by a grant from the National Institute of Mental 
Health (U.S.P.H.S.). 


The Relation of EEG to Brain Syndrome in Aged 
Patients. 


W. D. Osrist and C. E. Henry, Institute of 
Living, Hartford, Connecticut. 


Electroencephalograms were obtained on 120 psy- 
chiatric natients, ranging in age from 65 to 95 years. 
All of the patients were new admissions at two 
mental hospitals, where complete histories, laboratory 
studies, and physical and mental examinations were 
obtained. The diagnostic classification of the Ameri- 
can Psychiatric Association was used as a basis for 
comparing different patients. Those showing evi- 
dence of brain syndrome (memory loss, disorientation, 
intellectual deterioration) were compared with those 
who showed a minimum of such signs. The former 
group consisted mostly of patients with advanced 


generalized arteriosclerosis or neurologic evidence of 
brain disease. The latter group was composed mostly 
of patients with affective or paranoid disturbances 
and only a minimum of intellectual impairment. In 
such cases, psychogenic factors seemed to be pre- 
dominant. 

A striking difference was observed in the electro- 
encephalograms of the two groups, as revealed by 
both manual and electronic frequency analysis. Those 
with brain syndrome showed a high percentage of 
abnormally slow rhythms and much diffuse theta 
and delta activity. Those with primarily psychogenic 
disorders had normal electroencephalograms in a 
large proportion of cases. Focal EEG disturbances 
were less satisfactory in differentiating the groups 
than were generalized abnormalities. It is con- 
cluded that electroencephalography may be of value 
in the differential diagnosis of brain syndrome in 
aged patients. 


Types of Work Older People Can Do Best. 


S. L. Pressey, Department of Psychology, Ohio 
State University, Columbus, Ohio. 


The usual attitude regarding employment of older 
people seems to be that in every field some decline 
in effectiveness is to be anticipated. In contrast, 
the material summarized in this paper indicates that 
there are sundry types of work which older people 
can do better than middle-aged or younger persons. 

The above position is based on numerous instances 
located in several surveys of the activities of old 
people in several! localities. For instance, an elderly 
physician continued to serve only his long-standing 
patients, his practice thus becoming largely geriatric 
and his competence doubly relevant because of his 
long acauaintance with them and his own age. An 
elderly lawyer who was a life-long resident of his 
city specialized in local property problems and in 
wills. A 97-year-old entomologist wrote a history 
of his field. A retired dean directed surveys of in- 
stitutions of higher learning; to this work he brought 
broad exverience and obvious lack of any personal 
ambition since his own career was over. A retired 
clergyman served as part-time assistant pastor, spe- 
cializing in visits to shut-ins. An elderly saleswoman, 
part-time, nevertheless made the most sales in her spe- 
cialty shon because of older customers who thought 
she especially understood their problems. It is be- 
lieved that old people should be especially useful in 
both service to oldsters and in research regarding age. 

Systematic publicizing of such possibilities and 
guidance so directed should contribute to morale in 
age and add usefulness to many fine old people. 


What Is It Like To Be Old. 


W. H. Reats, Professor of Adult Education, Wash- 
ington University, St. Louis, Missouri. 


One is ant to carry in his mind the unpleasant 
pictures of old age given by those who, like Shake- 
speare or Byron, had not actually experienced it and 
therefore did not know much about it. 
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What will it be like to be old is a question that 
will be on the minds of most of us sooner or later. 
And it will not be the same for all: for those with 
and without sufficient means, for the strong and the 
infirm, for those who have been in leadership po- 
sitions, and those who have not. 


This paper is an attempt to find out how success- 
ful older people regard their later years. It dis- 
cusses the statements of Cicero, Duff Cooper, Somer- 
set Maugham, and others. Their views and the 
views of a select group of successful retired business 
leaders are reported in this study. 


Cicero listed 4 liabilities commonly attributed to 
age, then stated that these need not necessarily 
hinder one from having a very happy old age. In 
fact, he and others have pointed out that old age 
in itself brings many compensations not possible 
earlier. 


A questionnaire was submitted to a group of re- 
tired executives, about 50 in number, members of 
Experience, Incorporated. These men were asked to 
give their attitudes toward old age. The majority 
believed that their later years were at least as happy 
and perhaps even happier than their earlier ones. 
Only two complained. 


Comparative Analysis of Personality Factors in a 
Geriatric Group Associated with Return to Com- 
munity Living Versus Continued Residence in a 
Sheltered Institutional Setting. 


CiamE M. VERNIER, Veterans Administration Cen- 
ter, Martinsburg, West Virginia. 


One phase of the general geriatric problem which 
has attracted increasing attention is the care of the 
dependent aged. Because of its Domiciliary Pro- 
gram for veterans chronically disabled and unable 
to earn a living, the Veterans Administration has 
been directly concerned with many aspects of this 
problem. In relation to future development of the 
program, an integrated inter-disciplinary research 
study was initiated at Martinsburg VA Center. 


As nart of this research program all new ad- 
missions to the Domiciliary during the calendar year 
1952 were seen in a screening program which in- 
cluded medical examination, laboratory tests, physi- 
cal fitness tests, psychologic tests, and interviews 
by Social Service. Over 200 cases were screened 
during this period; approximately half were in the 
age range of 60 or older. 


Three groups of 25 cases each were identified: 


1) members who were admitted for the first time 
and continue to remain; 2) members who had one 
or more previous admissions to the Domiciliary and 
returned again to the community; 3) members who 
were admitted for a first time, returned to the com- 
munity in less than a year, and continued to remain 
in the community. 


All three groups were matched in terms of age, 
race, intellectual level, socio-economic status, and 
degree and kinds of physical disability. 


Scores from three projective tests, selected on the 
basis of a preliminary factor analysis, were tabulated 
for the three groups and the statistical reliability 
of the differences determined. 


The results suggest that certain identified person- 
ality factors play a critically important role in the 
differential living arrangements chosen by older in- 
dividuals. 


How the Wechsler Adult Intelligence Scale was 
Standardized for Older Persons. 


W. L. Wattace, The Psychological Corporation, 
New York, New York. 


In conjunction with the national standardization of 
the Wechsler Adult Intelligence Scale, a sample of 
persons over 60 years of age was tested in a special 
study. A probability sample of older individuals was 
drawn from the population in Metropolitan Kansas 
City. Of the 649 persons so identified, field examiners 
were successful in administering the Wechsler Adult 
Intelligence Scale to 475. 


The methods used by the examiners to gain the 
cooperation of the subjects varied somewhat but 
were remarkably successful. The experiences gained 
in gathering the data should prove to be of value 
to others seeking to carry out research in geron- 
tology. 


The results were studied for the age groups 60-64, 
65-69, 70-74, and 75 and over. Evidence was 
elicited indicating that the norms based on_ this 
sample are appropriate for use with persons of 
similar age throughout the country. With these 
norms, the mental ability of older persons can be 
compared with that of their age peers. 


Sex differences were also studied, as were the 
effects of standard time limits versus unlimited time 
for responses to test auestions. Finally, comparisons 
were made both for over-all performance and for 
specific abilities among various age groups ranging 
from 16 to over 75 years. 
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Section on Social Work and Administration 


The Congress of the United States and Our Aged. 


A. I. ApraMs, Director, New York State Joint Leg- 
islative Committee on Problems of the Aging, New- 
burgh, New York. 


An analysis is presented of major legislation af- 
fecting the aging that came before the first session 
of the 84th Congress: attitudes of party leaders 
within the U. S. Congress toward old age legisla- 
tion; pressures upon Congress in the field of the 
aging; major issues affecting the aged that will come 
before the next session of Congress; the stake of 
gerontology in Congressional hearings dealing with 
appropriations for research are presented. The age 
composition of the current Congress is set forth. 


Recreation for the Aged in Different Cultures. 


GEOoRGENE E. BowEN, Director, Education-Recre- 
ation for Older Peovle, Health and Welfare Coun- 
cil, Philadelphia, Pennsylvania. 


The Gerontological Tour of Europe in the summer 
of 1954 gave the opportunity of visiting the native 
lands of many of America’s senior citizens; to observe 
the cultural patterns and practices there; to compare 
and evaluate them in the light of American experience 
in the field of recreation. 


The forms of recreation the present older Conti- 
nental European know are centered around the family 
and the community. However, the devastation of 
war, the spread of industrialization, the isolation of 
the aged in refugee camps and in some housing 
schemes have torn many of them away from their 
home communities. On the Continent it has not 
been discovered how to help aged persons replace 
lost friendships and restore to them opportunities to 
participate in community life. Never has their social 
need been generally recognized. 


Industrialization in England and in the United 
States long ago changed our pattern of living. 
It scattered and transplanted families. Older people 
lost not only the holiday gatherings of their families 
but also the community recreation forms in which 
they once took part. Under these circumstances, older 
Britons and Americans have long suffered for the 
need of companionship and a more satisfying way 
of life in their later years. 

The world in general is not yet aware of the thera- 
peutic value of a leisure-time program, or its impor- 
tance to the spiritual and physical well-being of 
elderly human beings. The possibilities of person- 
ality development in the atmosphere of enjoyment 
have but dimly been perceived. 

Home, family, and community have been lost to 
many older people around the world. An objective 
analysis indicates how traditions and folk ways of the 
old and new worlds can be combined to help restore 
these values. 


Psychiatric Elements in Aging. 


M. E. Linpen, Director, Division of Mental Health, 
Philadelphia Department of Public Health; Re- 
gional Director, Commonwealth Mental Health 
Center, Philadelphia. 


In addition to the normal psychologic needs of the 
aging it is found that there are essentially 4 groups 
of psychiatric conditions in later maturity: (1) 
Chronic brain syndrome, dementia vera of senility, 
(2) Senile psychosis, (3) Psychosis with cere- 
bral arteriosclerosis, (4) Other psychiatric condi- 
tions in the senium. 

While the aged have essentially threefold require- 
ments, sociologic, physiologic, and psychologic, these 
are manifested in psychical activity. Socio-dynamic 
factors of setting aside isolation and neglect consti- 
tute social rejection, either real or. imagined, to 
which the aging individual reacts by an intrapsychic 
panic state. This may eventuate in tightened de- 
fenses or loss of defenses. In both instances in- 
trapsychic regression takes place. Regression can 
occur to any level of previously experienced psycho- 
logic development. Regression may be complete. 
The stages of arrest are diagnostic of certain neurotic 
elements which have lain dormant throughout life. 
The process of regression is reversible in many in- 
stances. Therapeutic programs must be aimed at 
diagnostic entities if treatment is to be effective. 


A Good Adjustment. 


A. SALAMONE, Director, Adult Education Center 
St. Louis Universitu, St. Louis, Missouri. 


Happiness and good health in the later years 
depend on neace of mind which in turn comes 
from a sense of being well adiusted. 


In terms of planning your life, this poses the 
need for developing a blueprint of living in line 
with your desires. A person must begin early in 
life to discover his proper niche at which he can 
achieve his best possible personal satisfaction. 

The nace of life today creates tensions. Man 
needs to achieve inner poise and to create new 
levels of self-discipline, if he is to live creatively 
in the midst of modern confusion. 

We have to decide whether we really believe in 
the work we are presently doing in regards to 
our aged, or whether we are only guessing. 

Modern science has provided machines which have 
eliminated many of the personal tasks required in 
the past that helned build self-discipline and _per- 
sonal interest in living; if we have failed to discipline 
ourselves to do what we ought to do to achieve 
and to develop other interests, then we have paid 
too high a price for our modern conveniences. 


In order to fully understand the present day man, 
especially older man as a living, reacting being, new 
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concepts and methods must be adapted by psychology 
and the social sciences. 

We need a new basic theory in psychotherapy that 
will enable us to deal with the real and pressing 
problems of modern man. 

Too many of our present day psychoanalytic groups 
seem to be devoting more time and energy to de- 
fining dogma and buttressing their fortresses rather 
than to a creative search for new theories, especially 
concerning longevity, which will lead to new truth. 

I believe that today we have the greatest crop 


of college students in our history. The role of the 
college student will be that of the leader of the 
future . . . yet we are not training enough of them 
to assume leadership in dealing with problems that 
many of our present day persons will be faced 
with in their later years. We are not training our 
present day college graduates on methods for meet- 
ing their own old age problems. 

A good adjustment—putting a round peg in a 
round hole—that makes for a satisfactory life . . . 
and not a major maladjustment, frustration, fear, 
worry, and chronic unhappiness. 
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